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This study documents and visualizes the relationships between sunlight, 

built form, and public life in Toronto’s core. Photographs and stop-motion videos 

document the movement of sunlight and differences in human behaviour in 

varying sunlight conditions. Maps and diagrams made with Rhino3D/Ladybug 

visualize the annual sunlight conditions throughout the study area. This research 

builds upon prior studies and observes a strong relationship between sunlight 

and public life that changes with the seasons. This paper presents a series of 

recommendations including the protection, expansion, and intensification of 

public space in winter’s sunlight – especially on pedestrian-oriented shopping 

streets – and encourages the use of large deciduous trees to regulate sunlight 

across the seasons. There is a need to act fast since the built form of downtown 

Toronto is changing rapidly. While this research and its recommendations pertain 

to Toronto, they can be applied to other cities with similar climates, sunlight 

conditions, and built forms. 
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1 Introduction 

 

The sun is fundamental to all life. It is the source of our vision, our warmth, 

our energy, and the rhythm of our lives. Its movement informs our 

perception of time and space, and our scale in the universe. 

–Ralph Knowles, Sun Rhythm Form (1981, pg.3). 

 

The value of the sun is frequently understated by the environmental design fields 

of landscape architecture, city planning, urban design, and architecture. This oversight 

reveals an underlying unfamiliarity with the sun’s authority over the human experience. 

Few in the environmental design fields have been able to capture the significance of the 

sun in words; Ralph Knowles is an exception. The first two sentences in his book, Sun 

Rhythm Form, capture the scope and magnitude of the sun’s influence on everyday life. 
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The reason for this disconnect between the sun’s significance, and the attention given 

to it by design fields, is the topic of another research paper. This thesis aims to 

understand and reveal the relationship between sunlight and public life on the ground in 

Toronto; it was written in response to the rapid decline in sunlight in Toronto’s core. 

There are parts of downtown Toronto that receive an hour or less of sunlight on a 

sunny day, and there are some parcels of land that escape the sun’s path altogether. 

While the City of Toronto has policies that protect for sunlight, they are inadequate since 

they do not protect for sunlight when it is needed most: in winter. Policy makers, 

designers, and planners must adopt a more nuanced understanding of the sun based 

on time of year too. For example, at the height of summer, the abundance of solar 

radiation must be managed, while in winter, the sunlight must be embraced. This 

research highlights the shortcomings of policy and decision-making processes that have 

led us to where we are today. This research suggests ways of better measuring, 

understanding, and accounting for sunlight in the city. 

While the darkness in Toronto’s core is concerning, not everything is doom and 

gloom. Due to their heavy reliance on glass, many tall buildings reflect light back into 

the city around them, brightening up spaces that might otherwise be dark. Reflections 

may be inadvertent and less luminous than sunlight, but the light they add benefits the 

dark streets of the core. Heliostats like the ones in Tear Drop Park in New York City, 

and more sensitive architectural forms such as the No Shadow Tower concept in 

London could be used to reduce the effects of overshadowing on Toronto’s streets. 

Both solutions are discussed in more detail in the literature review chapter, below. 
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Still, there is a need to act fast. Toronto’s built form is changing quickly, and 

every oversized building project takes away sunlight from Toronto’s streets. While it 

may be unrealistic to protect all the remaining sun on Toronto’s streets, there are 

situations where policy makers and politicians should consider a conservation-based 

approach. This research especially highlights main shopping streets that see high-

pedestrian traffic volumes, and anchor neighbourhoods, which are good candidates for 

sunlight conservation. Chinatown, Kensington Market, Little Italy, Koreatown, 

Greektown, St. Lawrence Market, Little India, Leslieville, Cabbagetown and more 

neighbourhoods may all see noticeable declines in public life if large building projects 

cast shadows on their streets and sidewalks. It is critical that we update the city’s 

approach to planning for sunlight to protect the vibrant cultures of the neighbourhoods 

that define Toronto. 
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1.1 Study Area 

The study area for this research is Toronto’s core, pictured in Figure 1-1. This 

area is defined by Church Street in the East, just west of Spadina Avenue in the west, 

College Street in the north, and the rail corridor in the south. The total land area is about 

440 hectares, and the geographic centre-point is located at 43º 39’ 8” N and 79º 23’ 

13”W. This land is subject to Treaty 13 – The Toronto Purchase of 1805. Today, this 

area of the city is home to diverse people from all over North America and the world. It 

is an appropriate place to be studying the relationship between sunlight and public life 

because it captures an area in which sunlight conditions vary drastically due to the 

sharp distinction between the newer, higher-density tower communities, and the older, 

lower-density, street-oriented communities. The co-existence of these two built forms 

allows for a telling comparison in a small geographic area. 

The graphics featuring the 3D massing model of the city’s built form in the 

visualization phase of this research extends the study area down to Lake Ontario to the 

south, Bathurst Street in the west, and Jarvis Street in the east, and just north of 

College Avenue to the north. This was done to model and understand how buildings 

around the study area affects the sunlight conditions within the study area. Additionally, 

the area between Front Street and the lake features notable buildings such as the CN 

Tower and the Rogers Centre (formerly the SkyDome), two of Toronto’s most 

recognizable landmarks. It is important to include these features in the graphics and 

visualizations of this study to ground the research in this place now known as Toronto. 
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Figure  1-1 Map of Study Area in Toronto’s Core 

 

Note. The study area contains two distinct built forms; high-rise towers, and lower-rise buildings. 
The yellow-dashed line represents the dividing line between these two predominant built forms 
in the study area. Image source: Author. Based on a map from Google Maps (n.d.). 
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1.2 Research Question 

This research attempts to answer the following question: how does sunlight move 

through Toronto’s Core, and what happens where it does – and does not – make 

landfall. 

In addition to describing the process of how sunlight moves through Toronto’s 

urban landscape with words, this research aims to create a series of visualizations that 

enhance the findings and make them more accessible. While the benefits of sunlight are 

intuitively recognized on an individual level, the path of the sun, the relationship 

between sunlight and the built form, and the ability of the sun to drive public life are 

under-documented and poorly understood, especially in the context of Toronto. This 

research attempts to bridge that gap in knowledge. 

1.3 Research Approach & Objectives 

The research process presented in this study is comprised of three phases. First 

is the Documentation Phase, in which photographs and stop-motion videos capture 

moments of sunlight and public life. This phase is at the human-scale and captures 

sunlight as people experience it on the streets and in the parks of the city. Second is the 

Visualization Phase, which considers the relationship between the sunpath and the 

city’s-built form, together rendering the sunlight conditions on the ground. 

Complementing the first phase, the second phase represents a top-down approach that 

aims to understand sunlight conditions at a larger scale throughout the year. Lastly is 

the Planning and Design Phase, which draws upon the findings of the first two phases 
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to make recommendations for the environmental design fields. This phase 

demonstrates ways of expanding and intensify public space in favourable sunlight 

conditions by using the sunlight maps created in the Visualization Phase. Other 

geographies with similar built forms and seasonal sunlight conditions may also benefit 

from these recommendations. Table 1–1 outlines the specific objectives for each phase 

of the research. 

Table 1-1 Research Objectives by Phase 

Documentation Phase 

1. Photograph moments of sunlight and shadow to understand how sunlight 

conditions change a space and human behaviour. 

2. Record stop-motion sequences of moments of sunlight and shadow to 

understand how sunlight conditions change spaces and human behaviour. 

Visualization Phase 

3. Explore the relationship between the sunpath and built form through a series of 

diagrams and illustrations. 

4. Visualize sunlight conditions across the study area through a series of sunlight 

maps. 

Planning and Design Phase 

5. Develop an approach to expand and intensify public space based on the 

documentation and visualization stages of this research. 

6. Make recommendations for how the environmental design professions should 

work with sunlight in Toronto. 
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1.4 Why Sunlight in Public Space Matters 

While this research focuses on understanding the sunlight conditions in Toronto’s 

core, it also aims add to the discussion on why sunlight in public space matters. Authors 

and scholars such as Hugh Ferriss, Jane Jacobs, Jan Gehl, Christopher Alexander, 

William H. Whyte, Peter Bosselmann, Peter Knowles, Robert Brown, and many others 

have all shed light on this topic. The literature review presented in the next chapter 

reveals a consensus that sunlight in public space is important for thermal comfort, 

human health, and human behaviour. Sunlight is also important in public space for plant 

health, and energy collection, two topics mentioned, but not considered in detail in this 

research. One of the more overlooked aspects of sunlight in public space is how it 

contributes to beauty. Subsets of visual arts such as photography and painting 

normalize the practice of capturing the beauty of sunlight in their mediums, but 

landscape architecture and the other environmental design fields often overlook this 

fundamental relationship. This research hopes to correct course by drawing attention to 

the relationship between sunlight and beauty.  

Figure 1-2 highlights how these forementioned authors have contributed to the 

conversation on why sunlight matters, relative to the categories of thermal comfort, 

human health, human behaviour, and beauty. By influencing these categories, a more 

sensitive relationship with sunlight can also help to address the major challenges of our 

time including climate change, biodiversity loss, social isolation, and neotribalism. 

These bigger picture conversations are covered in the discussion chapter. 
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Figure  1-2 Why Sunlight in Public Space Matters  

 

Note. The (x) indicates where this research sits relative to notable authors covered in the literate 
review. These authors have all contributed to conversations ranging beyond sunlight 
considerations as well. Source: Author.  
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1.5 Research Limitations 

The research presented in this document took place between October 2021 and 

April 2022. This period of research had implications on all the results produced. The 

photographs and the stop-motion sequences reflect the on-the-ground experience 

during the fall, winter, and early spring; late spring and summer experiences are missing 

from this study. To make up for the absence of summer research, the literature review 

pays extra attention to the relationship between sunlight and public life in this timeframe. 

Future studies on this subject should aim to document experiences of sunlight on the 

ground throughout the year. 

The Visualization Phase simulates sunlight conditions throughout the year using 

the computer-based modeling suite Rhino3D/Ladybug. This phase captures the annual 

cycling of the sun fully, but the challenge to the data here is the city’s ever-evolving built 

form. The Shadow analyses and Direct Sun Hours analysis for the study area use a 3D 

massing model from the City of Toronto that was last updated in November 2021. This 

dataset includes buildings that were completed by this point in time, but buildings that 

have been built since then and buildings that were in the approval process as of that 

date were not included in the analysis. The city’s changing built form has implications on 

the Documentation Phase of this research too. Since Toronto is only intensifying, it can 

be assumed that the sunlight recorded on ground level in Toronto will only diminish with 

each large-format building added. This will be especially true if Toronto’s built form 

changes as rapidly in the next few decades as it has in the last few decades. 
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Another reason this time frame matters is because it took place in the third year 

of the COVID-19 pandemic. It has been widely accepted that the pandemic increased 

appreciation of public space in urban environments; public space in cities provided 

places where people could escape and safely socialize with friends. It is unclear to what 

extent pedestrian volumes and behaviour shifted during the pandemic, and to what 

extent the shifts that occurred may be reflective of future, non-pandemic conditions. 

Despite these gaps, much of the research presented in this document can be used to 

assess the relationships between sunlight and public life in Toronto, and future research 

can confirm or adjust the findings that rely on data which may have been influenced by 

the pandemic. 

1.6 Terminology 

Analemma. If one were to photograph the position of the sun at the exact same point in 

time every day throughout a year and overlay those photographs one on top of the 

other, the sun’s varying position would make an elongated figure-eight formation. 

Tracing the suns in this shape yields what is called the sun’s analemma. This formation 

is visible on the sunpath diagrams since it is used to describe the position of the sun at 

various times of year. 

Bright Season. This period represents the sunniest half of the year, between March 

21st and September 20th, centred on the summer solstice on June 21st. During this 

period, in the northern hemisphere, the sun is higher on the horizon, the days are 

longer, and temperatures are warmer. 
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Dark Season. This period represents the darkest half of the year, between September 

21st and March 20th, centred on the winter solstice of December 21st. During this period, 

in the northern hemisphere, the sun is lower on the horizon, days are shorter, and 

temperatures are cooler. 

Daylight. The portion of day when the sun is above the horizon line, so that both direct 

sunlight and ambient sunlight illuminate the sky and landscape. 

Envelopes. The term building envelopes describes the maximum buildable volume on 

any given parcel of land based on a series of restrictions. Angles of the sun or 

viewsheds are often used these restrictions on the building volumes.  The term solar 

envelope refers the situation where the angles of the sun are the primary driver that 

define the building envelope restrictions. 

Public Life. This term was adopted from Jan Gehl and Brigitte Svarre’s book How to 

Study Public Life. Public life is “the complex and versatile life that unfolds in public 

space,” it is “everything that takes place between buildings, to and from school, on 

balconies, seated, standing, walking, biking, etc. It’s everything we can go out and 

observe happening” (Gehl & Svarre, 2013). 

Sunlight. The direct rays of the sun, unobstructed by obstacles such as clouds, 

buildings, trees, and other features of the landscape. 

Sunpath. The annual cycling of the path of the sun as perceived from a given point on 

Earth. 
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1.6.1 Terminology Specific to Rhino3D/Ladybug Modeling 

Direct Sun Hours Analysis. This term refers to the Rhino3D/Ladybug analysis that 

calculates and maps the total possible hours of direct sunlight on a surface. In this 

research, the surface analysed is Toronto’s street-level ground plane, and is limited to 

the spaces between buildings in the study area. Atmospheric conditions such as clouds 

were not considered. However, while it is beyond the scope of this paper, assumptions 

about average weather data can be used to modify the outputs of the Direct Sun Hours 

analysis to be reflective of atmospheric conditions. In this study, the City of Toronto’s 3D 

massing model was used as the obstruction between the path of the sun and the 

analysed surface. As a result, the output of the Direct Sun Hours analysis provides for 

an understanding of how the city’s-built form affects sunlight conditions on the ground. 

EPW file. This refers to the climate file used in environmental modeling. This file 

includes weather data, but in this research it was simply used to generate the sunpath. 

in Rhino 3D/Ladybug. The sunpath was used to model and measure sunlight and 

shadows in the study area. 

Components. This refers to the tools and algorithms in Grasshopper and Ladybug that 

are strung together to generate or manipulate objects in Rhino3D. 

Rhino3D/Ladybug. This term refers to the computer-based modeling ecosystem used 

in this research. Rhino3D is the software ecosystem, and Ladybug is the environmental 

analysis plug-in. Ladybug tools require the Grasshopper visual programming language 

to run, therefore Grasshopper was also a key tool used in this research. 
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1.7 Time Formats 

Standard time vs. daylight time: Since this research considers and compares sunlight 

throughout the year, the time shift due to daylight savings had to be controlled for. Most 

times presented in this research are in eastern standard time (EST). Some photographs 

and stop-motions were captured after the shift to daylight time but will have their times 

reported in eastern daylight time (EDT) to facilitate comparison across the study period. 
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2 Literature Review 

This literature review is divided into five main sections. The first section covers 

the historical context of planning for sunlight; the century-old tension between shadows 

cast by skyscrapers and life on the streets is focus of this section. The second section 

covers the human experience of sunlight on the ground, as discussed directly or 

indirectly by notable authors such as Jane Jacobs, Jan Gehl, Christopher Alexander, 

William Whyte, Peter Bosselmann, and Robert Brown. The third section focuses on the 

relationship between the sunpath and built form, and reviews modeling techniques in 

the Rhino3D software ecosystem that allow for sunlight analysis and generative design. 

The fourth section highlights policy documents that inform how the City of Toronto 

considers sunlight in design. The final section summarizes gaps in the literature. 

2.1 Historical Context – Darkening Cities 

Societies have been planning communities around the sun’s energy for millennia. 

In ancient Greece Socrates mused about how architecture could provide shade from the 

summer sun, yet still allow sunrays to enter the house in winter. In ancient Rome, public 

baths used heliocamini to turn sunrays into heat. In ancient America, Acoma Pueblo, or 

“Sky City” featured a community in which every dwelling received direct sunlight, and 

where most of the windows and doors opened to the south, maximizing solar exposure 

in winter. Many more examples from around the world point to an awareness of the 

power of the sun among our ancestors (Butti & Perlin, 1980). The focus of this historical 
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context however will be on sunlight planning and design advancements during the 19th 

and 20th centuries. 

With the Industrial Revolution in full swing, cities in the West grew at a rapid 

pace, but their built environments could not keep up with the swelling populations. 

Working-class city dwellers found themselves in increasingly dense, and often 

unhealthy living conditions. New York City features prominently in the literature about 

issues facing cities in this time-period. In 1845 John Griscom, a sanitarian, described 

the housing conditions in New York City as “small, dirty, very badly ventilated, poorly 

lighted, and wretched in the fullest sense of the word” (Griscom, 1845, p.8). Despite the 

poor state of housing, conditions continued to worsen over the next half-century. 

Buildings became larger to accommodate growing populations, so that according to 

George B. Post — the city’s architectural league president in the late 19th century — the 

streets of New York became “like the bottom of a canyon, dark, gloomy, and damp” 

(Freund, 2012, p.9). 

While the science behind the health benefits of sunlight and fresh air was 

becoming more apparent (Freund, 2012, p.15), cities nonetheless kept getting darker as 

the 19th century progressed. Property developers in New York, Chicago, and elsewhere 

were building skyscrapers to new heights, giving their tenants more access air, light, 

and space. Yet those same skyscrapers robbed adjacent buildings and streets of light. 

As more and more skyscrapers were built, the “old problems of the dark, cramped city 

had returned in an exacerbated form” (Freund, 2012, p. 20). 
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2.1.1 Skyscrapers & Streets 

During this period of rapid growth in American cities, progressive reformers 

mobilized with the intention of improving living conditions for residents, especially 

regarding access to fresh air and sunlight. Three significant factors resulted from this 

push for reform: every unit of every building was required to have windows for access to 

light and air; zoning resulted in the allocation of land uses, and; regulations on building 

massing were created to ensure a more equal distribution of sunlight among city-

dwellers. Most cities, including Chicago, Toronto, and Montreal elected to enforce a 

maximum building height as a way to limit overdevelopment (Atkinson, 1912, p. 138; 

Freund, 2012, p. 18-21). New York City, however, chose to do something different. 

Rather than mandating a maximum height, building heights in New York were informed 

by a 1.5 multiplier applied to the street width. Additionally, 3 feet could be added for 

every foot by which a building was set back, balancing the needs for both height and 

access to light. Similar “setback” rules would eventually become the norm around the 

world. Setbacks inspired the designs for the Empire State and the Chrysler buildings, 

resulting in the unique vernacular New York City is still known for today (Atkinson, 1912; 

Freund, 2012). As Freund notes in his book American Sunshine, “sunlight sculpted New 

York’s most distinctive architecture” (2012). 

In 1922, the architect Hugh Ferriss participated in the creation of building 

envelopes that complied with New York’s setback requirements. This experience led 

him to critique the ills that faced cities at the time, and to hypothesize about the future of 

the urban landscape. The writings and drawings in his book, The Metropolis of 
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Tomorrow shows that he believed the skyscraper had a central role in the development 

of future cities. He envisions skyscrapers as tall, or even taller than, what existed in his 

day: 

As the mist begins to disperse, there come into view, one by one, the summits of 

what must be quite lofty tower-buildings; in every direction the vistas are marked 

by these pinnacles as far as the eye can reach. It is apparent that this city, like 

those which had previously been familiar, contains very tall buildings and very 

many of them. (Ferriss, 1929, p. 109) 

Unlike the conditions in many American cities at the time however, Ferriss imagines 

ample spacing — even up to half-a-mile between skyscrapers. In his imaginary city “no 

two [skyscrapers] rise in close juxtaposition to each other”. In the areas between the 

skyscrapers, Ferriss imagines low-rise buildings: “They average six stories; that is to 

say, they are no higher than the width of the street which they face” (1929). Ferriss’ 

vision of a 1:1 ratio that determines the height of buildings relative to the width of the 

streets they face is even more conservative than the 2:3 ratio prescribed by the City of 

New York beginning in 1916 (Freund, 2012, p. 23). A 1:1 building-height-to-street-width 

ratio would result in even more sunlight landing on the streets between the buildings as 

compared to a 2:3 ratio, which would allow buildings to be 50% taller than the width of 

the streets they face. 

To further justify his vision of wide distances between skyscrapers, Ferriss 

provides the following commentary: 
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the close juxtaposition of formidable masses — the monotonous repetition of 

similar bulks for block after city block — the close store of equally high façades 

across narrow streets — all combine to shut the human being away from air, 

light, and every pleasing prospect. (1929, p. 110). 

Ferriss does not view a standalone skyscraper as being problematic in the same way he 

views a dense collection of skyscrapers. The shadow of a single skyscraper moves 

across a landscape, allowing for access to sunlight in the surrounding land. A close 

grouping of skyscrapers, on the other hand, would block out the sun from the same land 

for most of the day. Figure 2-1 is an illustration Ferriss provides at the beginning of “Part 

Three: An Imaginary Metropolis” in his book, The Metropolis Tomorrow (1929, p. 108). 

Notice the spacing between the skyscrapers, and the relatively low massing of the 

buildings between them. 

Nearly a century later, Ferriss’ work remains relevant. His critiques of the cities of 

his time, and his aspirations for the city of tomorrow seem like they could have been 

written today. His observations and insights on the spacing and juxtaposition of 

skyscrapers is perhaps even more pertinent today than they were when he first shared 

his observations. In cities like New York, Chicago, and Toronto, dense clusters of 

skyscrapers block out light and create uncomfortable microclimates. Although reformers 

like Ferriss succeeded in getting more sunlight and air into buildings, it seems that the 

push to limit the massing and clustering of buildings has failed. As a result, our city 

streets are darker and colder than ever. 
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Figure  2-1 Wide Spacing Between Skyscrapers, as Imagined by Ferriss 

 

Note. Skyscrapers, though large, are never closely juxtaposed in Ferriss’ idealized city. Image 
source: H. Ferriss, The Metropolis of Tomorrow, 1929, p. 108. 
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2.2 The Human Experience of Sunlight on the Streets 

Jane Jacobs has many great quotes on the value of streets (The Death and Life 

of Great American Cities, 1961). From describing the “intricate sidewalk ballet” that 

occurs on Hudson Street in Manhattan where she used to live (p.66), to highlighting the 

value of strangers in keeping the city safe (p. 45), Jacobs has remained a source of 

inspiration for numerous planners, architects, and designers. Her book singularly 

captures the importance and value of streets: 

Streets and their sidewalks, the main public space of a city, are its most vital 

organs. Think of a city and what comes to mind? Its streets. If a city’s streets look 

interesting, the city looks interesting. If a city’s streets look dull, the city looks dull 

(Jacobs, 1961, p. 37). 

Cities are the sum of the life on their streets. Great streets make great cities. 

Architecture and planning in the functionalism era had engineered-out the life of the city 

by severing the sacred relationship between buildings and streets. Jacobs’ response, 

however, has resonated with many urban thinkers, including Jan Gehl (2011), and 

Christopher Alexander (1977). The backlash against functionalism and the reclamation 

of streets for people is today one of the dominant themes in architecture, planning, and 

landscape, and can be traced back to Jacob’s important interventions (Gehl & Svarre, 

2013, p. 47). 
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2.2.1 Shadows as Erasers of Public Life 

In addition to writing about streets, Jane Jacobs discusses the relationship 

between sunlight and public life. When sharing her observations of Rittenhouse Square 

in Philadelphia on a “good October afternoon,” Jacobs describes the shadow from a 

new apartment building adjacent as being “a great eraser of human beings within its 

pall” (1961, p. 138). Jacobs warns that high buildings should not be located on the south 

side of a park, as their shadows “can kill off a lot of it” (1961, p. 138). She also argues 

for the use of zoning to “protect a park’s supply of winter sun” (Jacobs, 1961, p. 331). 

While Jacobs only had a few references to sunlight and public life in this, her 

most famous book, she used the terms “kill”, “pall”, and “eraser of humans” to describe 

the shadows of buildings and the effects they have on public life.  Jane Jacobs is not 

typically seen as an advocate for sunlight — and, in fact, some even cite her text as a 

rationale for increasing density targets that vastly reduce the amount of sunlight on city 

streets — so it is important to clarify her position as strongly encouraging access to the 

sun. Jacobs wrote about this relationship before even Christopher Alexander (1977), 

William H. Whyte (1980), Peter Bosselmann (1984) — three men who are known for 

their writings on this subject more so than she is. Jacobs should be recognized as an 

important, early champion of sunlight access whose tone and strength of language can 

remind us of the valuable relationship between sunlight and public life. 
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2.2.2 A Pleasant Microclimate 

For people to use public space to run errands, to be social, or for recreation, the 

environment must be pleasant. The space must have “a maximum number of 

advantages, and a minimum number of disadvantages” (Gehl, 2011, p. 171). To 

achieve a pleasant atmosphere, key considerations including safety, aesthetics, access 

to amenities, and a pleasant microclimate. Peter Bosselmann, and Robert Brown are 

two researchers who have presented a strong body of evidence explaining how 

microclimates can be manipulated, for better or worse. 

In his report Sun, Wind, and Comfort: A Study of Open Spaces and Sidewalks in 

Four Downtown Areas, Bosselmann (1984) considers the likely effects of proposed 

skyscrapers on the public experience of the streets of San Francisco. His study looks at 

the cumulative effects of multiple projects on sun and wind conditions instead of just 

one such project, as is common practice for new building proposals. The study made 

recommendations on protecting solar access including “standards that preserve sun 

access for the dominant times of use,” and “standards preserving sun access to 

sidewalks, where pedestrians stroll as well as sidewalks and alleyways that are used as 

open spaces in high density inner city neighbourhoods” (Bosselmann, 1984, p. 6). 

Regarding wind, the study recommended “standards for controlling wind conditions 

caused by new construction” (Bosselmann, 1984 p. 6). This report resulted in the 

adoption of sun and wind standards in San Francisco, and in other cities as well. In 

response, the proposed tower projects were either cancelled or changed to reduce their 

negative effects on the public realm (Gehl & Svarre, 2013, p.56). Interestingly, 
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Bosselmann conducted a similar study for the City of Toronto in 1990; the findings and 

limitations of that study are considered alongside of a review of City of Toronto policy 

documents at the end of this literature review. 

Robert Brown, a professor in Landscape Architecture at Texas A&M 

University also studies microclimate and comfort. He describes the process of how the 

human body absorbs and loses thermal energy, and how sunlight and wind can be 

manipulated at the site scale to enhance comfort. Brown also provides a hypothesis on 

why so many planners, architects and designers choose to ignore microclimate: “people 

generally don’t know what’s possible,” and “it’s hard for designers to understand 

microclimate because of the need to understand the underlying science” (2010, p.22). 

For this reason, the manipulation of microclimates to create pleasant environments for 

people remains generally obscure. 

2.2.3 Sunlight and Happiness 

In addition to sunlight’s influences on human comfort, research has shown a link 

between the sun and happiness. Studies on the relationship between sunlight and 

happiness in the fields of landscape architecture and urban planning are limited, so it is 

necessary to consider research from the health-sciences fields. According to Efrain C. 

Azmitia, a researcher in the Centre of Neuroscience at New York University, sunlight is 

required for humans to produce serotonin, a hormone that stabilizes moods, regulates 

body functions, and plays a part in the feeling of happiness (Azmitia, 2010, p. 3). 

Interestingly, plants also produce serotonin for similar ambitions of growth and 

longevity. For humans to produce serotonin, they need to consume tryptophan, an 
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amino acid only produced in chlorophyll, which is only found in plant cells (Azmitia, 

2010, p. 17). This multidimensional relationship between human wellbeing, sunlight, and 

plant life underscores the interdependence of life on Earth. Human systems cannot exist 

in separation from natural systems, including the rhythms of sun. By improving mood, 

the sun can positively change an individual’s behaviour within society too. 

2.2.4 Sunlight as a Communal Affair 

Christopher Alexander (1977) felt strongly about light and was interested 

particularity in the warm light of the sun. He dedicated four chapters in his book A 

Pattern Language: Towns, Buildings, Construction to topics of sunlight; Chapter 105: 

South Facing Sun; Chapter 161: Sunny Place; Chapter 162: North Face; Chapter 250: 

Warm Colors (Alexander, 1977).  The following quote illustrates the elevated regard 

Alexander places on sunlight: “People use open space if it is sunny, and do not use it if 

it isn’t, in all but desert climates….This is perhaps the most important single fact about a 

building” (Alexander, 1977, p. 514). He even recommends sunny places in front of 

separate buildings to be placed together to create a “half-necklace of sunny spots, each 

within hailing distance of all the others, [to make] the act of coming out into the sun a 

communal affair” (Alexander, 1977, p.759). Finally – like Jacobs – Alexander warns us 

about how large shadows inhibit the use of a space. He describes the plaza on the 

north side of the Bank of America office tower in San Francisco as being empty: “People 

eat their sandwiches on the street, on the south side where the sun is,” he observes 

(Alexander, 1977, p. 514). 
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2.2.5 Public Life in Sunny Conditions 

Chasing sunlight, especially in the cooler months of the year, can be a communal 

affair. The black-and-white photographs of public life on the streets of Copenhagen in 

Gehl’s book, Life Between Buildings, show that scenes with lots of street-life are often 

marked by high-contrast shadows and sunlit hairdos. The photos in which street-life is 

largely absent have undefined shadows, and the people that can be seen use the 

space to move through, rather than stay in and enjoy. Figure 2-2 illustrates this 

phenomenon. The photo on the top was taking on a gloomy day, while the photo on the 

bottom was taken on a sunny day. In both photos, people are wearing jackets and air-

temperatures are cool. The major difference between these two photos appears to be 

the intensity of the sun. On the sunny day, people are out in droves and even seem to 

feel comfortable enough to sit in the space to enjoy a cup of coffee and conversation 

with friends. On the gloomy day, conditions outside are less comfortable, partially due to 

the lack of direct sun. In this photo people are seen to be walking through the space, 

and the only people enjoying a cup of coffee are inside the café. Sunlight makes public 

space more comfortable and enjoyable, and people therefore seem to come out to be in 

the sun together. 
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Figure  2-2 Jan Gehl’s Photos of the Same Street in Copenhagen  

on a Cool, Gloomy Day (top), and on a Warm, Sunny Day (bottom). 

 

Note. Notice people’s high-contrast shadows, and sunlit hairdos on the warm, bright day. 
Despite not explicitly mentioning it, many of Gehl’s photos of Copenhagen that feature high 

volumes of people on the streets were also taken on bright, sunny days. Image from Life 
Between Buildings, by J. Gehl, 2011, p.78). 
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2.2.6 William H. Whyte’s “Perfectly Splendid Correlation” 

In his book, The Social Life of Small Urban Spaces, William H. Whyte writes 

about the relationship between the public life in Seagram Plaza in New York City and 

the presence of direct sunlight (1980 p. 40). He and his team set up stop-motion 

cameras on one day in May and recorded a narrow wedge of sunlight streaming 

between buildings. As time passed, the wedge of sunlight grew, and so too did the 

number of people sitting in the square. Whyte called this relationship between public life 

and direct sunlight a “perfectly splendid correlation” (Whyte, 1980, p. 40). As the year 

progressed, and his studies of Seagram Plaza continued, he noted that the relationship 

between direct sunlight and number of users disappeared. This happened sometime in 

June, when the air temperatures became warm enough for people to feel comfortable 

outside without the sun (Whyte, 1980, p.40). This leaves eight to nine months of the 

year (September through May) during which outdoor air temperatures are low, and 

every incremental addition of sunlight is helpful in achieving comfortable thermal 

comfort conditions. 

Whyte acknowledges the difficulty in protecting access to the sun in urban 

environments, especially in places that are constantly threatened by the shadows of tall 

building. Whyte suggests an opportunity to “borrow sun” from tall buildings that are 

surfaced in glass, stainless steel and travertine (Whyte, 1980, p. 43). He mentions an 

opportunity for planning studies to look at “new” light that buildings casts onto previously 

dark areas, yet he does not discuss the quality of reflected light or ask whether it 

provides a benefit equal to that of direct sun. Do reflections convey the same light 



 

 

29 

spectrum and associated warmth that direct sun does? Despite this unknown, Whyte 

recommends that developers and planners use the possibility of casting new light onto 

previously dark areas as a part of the negotiation process for a new building (Whyte, 

1980, p. 43-44). 

Whyte also writes about the role of trees in the urban landscape. Whyte states 

that there are “all sorts of good reasons for trees, but for climatic reasons alone we 

should press for many more of them, big ones too, along the sidewalks and open 

spaces of the city” (Whyte, 1980, p. 46). He also states that trees and seating must be 

considered more together, stating that a tree “provides a satisfying enclosure; people 

feel cuddled, protected – very much as they do under the awning of a street café. As 

always, they’ll be cooler too” (Whyte, 1980, p. 46). Whyte’s note on feeling cooler is in 

reference to the warmer, sunnier months when people want to sit in the shade of trees. 

In the cooler months, people can still sit under deciduous trees, as their bare canopies 

let in the light and warmth of the sun. 

Whyte’s research is over 40-years old, yet it remains relevant. He spoke about 

the relationship between sunlight and public life, the use of reflections to add new light 

in dark corners of the city, the role of trees to manipulate the urban climate, all among 

many more design interventions. In addition, he uses stop-motion video to capture the 

movement of sunlight, and the human response to these changing conditions, a 

technique that inspired the methods in this research paper. Figure 2-3 pictures Whyte 

next to his stop-motion cameras.  
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Figure  2-3 William H. Whyte with His Stop-Motion Cameras 

 
Note. William H. Whyte standing next to his stop-motion camera set-up on a rooftop. Image 
from Project for Public Spaces, 2010. 
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2.2.7 Tall-Building Shade vs. Human-Scale Shade 

In 2018, the landscape architecture firm Forest and Field Inc. was tasked by the 

City of Toronto to examine the perceived contradictions in City policy on sun and shade 

in the public realm. The firm found no contradictions in city policy, but Forest and Field 

did seek to add precision to the City’s language to better articulate the nuances 

between the shade cast by trees, pergolas and arbours, as compared to the shade cast 

by large buildings (2018, p. 4). Forest and Field suggested the use of two terms: 

“human-scale shade,” and “tall-building shade” (2018, p. 8). Figure 2-4 illustrates the 

differences between the two terms. Human-scale shade can take the form of trees, 

pergolas, and umbrellas – these features allow for shade when it is needed, mostly in 

the summer months. Since man-made, human-scale shade structures are small, they 

can fit under a tree canopy, letting the trees have access to the sun when it is required 

for the growing season. Deciduous trees have another feature, which makes them 

sensitive to the human experience; in the winter, their open tree canopy invites the 

sun’s light and warmth, while in summer, their leafy canopies provide shade. In contrast, 

Forest and Field describe tall-building shade as “unyielding and indiscriminate by its 

nature” (2018, p. 8). Compounding the problem, tall-building shade provides the most 

shade during the least sunny time of year. During the winter months, when the sun is 

lower on the horizon, tall building shadows grow longer, meaning more area is shaded 

compared to the shade they cast in summer. Through their studies, Forest and Field 

has provided the terminology for a more nuanced conversation about how to best 

manage shade and sunlight in Toronto, and their work can apply to other cities as well. 
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Figure  2-4 Shade from Building vs. Tree: Considering Climate Variations in Toronto 

 
Note. This illustration communicates the seasonal nuances of human-scale shade provided by 
deciduous trees compared to building-shade. Source: Forest and Field Landscape Architecture, 
On Shade and Shadow: A case study on the impacts of overshadowing by tall buildings on 
Toronto’s greenspaces, 2018, p.7.  
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2.2.8 Sunlight in Challenging Spaces 

In designing Battery Park City in Lower Manhattan, Michael Van Valkenburgh 

was tasked with creating a public space that includes land contained by a U-shaped 

building opening to the north. The orientation of the building meant that this corner of 

the park would never receive direct sunlight at any point in the year. Van Valkenburgh 

teamed up with Carpenter Norris Consulting to bring sunlight into this dark space in 

what would become the southern portion of Teardrop Park. Their solution was to install 

three large heliostats, eight feet in diameter, on the rooftop of an adjacent building 

(Dumiak, 2007, p.251). Figure 2-5 shows the heliostats, and the light they reflect, in the 

park below. 

While not a perfect substitute for sunlight, these heliostats can reflect up to 90% 

of the sun’s light spectrum (Dumiak, 2007, p.251). The heliostats have advantages over 

direct sunlight too. The system can track the path of the sun in the sky and reflect its 

light onto a fixed place in the park. The heliostats can also be redirected to bring light to 

any portion of the park within its range. However, these heliostats might not have been 

required had the building footprint and neighbourhood blocks been designed with a 

better allowance for sunlight on street-level. Nonetheless, cities around the world – 

including Toronto – have spaces that remain in perpetual shadow. In some cases, then, 

heliostats like the ones in Teardrop Park can be used to thoughtfully bring sunlight into 

the darkest corners of the urban landscape. 
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Figure  2-5 Heliostats Reflect Sunlight into a Dark Corner of Teardrop Park 

 

Note. Teardrop Park was Designed by Michael Van Valkenburgh Associates Inc. Image from 
John Hill, Archidose Blog, 2010. 
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2.2.9 No Shadow Tower 

In addition to using heliostats, the architectural form of buildings can be used to 

manipulate solar access on the ground. The architecture firm NBBJ produced a concept 

for a skyscraper that redirects and diffuses sunlight to reduce shade at the base of the 

building by up to 60 percent (Woo, 2015). Figure 2-6 shows how the forms of the No 

Shadow Tower redirect the sunlight for a given time of day. Interestingly, Rhino3D was 

used to generate these architectural forms; NBBJ “told the program to generate designs 

that maximize the light reflected onto the ground” (Woo, 2015). The forms were 

generated in response to the sunpath at that particular location, but other sunpaths can 

easily be substituted to create architectural forms that are responsive to the sunlight 

conditions of any given location. This promising concept suggests that buildings can be 

sensitively designed to reduce their shadow impacts on surrounding neighbourhoods. 
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Figure  2-6 No Shadow Tower Concept, London 

 
Note. This building concept mitigates its own shadow impacts through architectural form. 
Building surfaces are orientated to reflect and diffuse sunlight onto the ground throughout the 
year. The label “Summer 14:54” refers to the time of year (June 21st), and time of  day (2:54pm). 
Building forms were generated using Rhino3D. Source: Woo, 2015.  
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2.3 Modeling & Designing for Sunlight 

Responding to population growth and the profusion of tall buildings beginning in 

the late 19th century, planners, designers, and engineers used geometry with 

increasing complexity to calculate how the urban form should adapt for the path of the 

sun. The literature highlights several variables that affect how sunlight falls on the 

surface of this Earth, including street width and orientation, building massing and 

orientation, topography, latitude, time of day, and time of year. The sections below will 

focus on how these variables influence the way in which sunlight makes landfall, and on 

how this information can be used to design communities that optimize sunlight. 

2.3.1 The Effects of Latitude & Time 

The closer a site is to the equator, the less variability there is in day length 

throughout the year. The farther away a place is from the equator, the more significant 

daily sunlight changes become. Since the angles and hours of the sun differ based on 

latitude and time of year, a sunlight plan for a particular site must be calculated based 

on its exact position on the Earth. Figure 2-7 describes the change in daylight hours 

based on the time of year, and the latitude of a given site. 
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Figure  2-7 Hours of Daylight According to Latitude and Day of the Year 

 

Note. The colours represent the number of hours of daylight as derived from the date (x-axis) 
and latitude (y-axis). Image from Sockman & Hurlburt, 2020, p. 1753.  
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In the opening of his book, The Orientation of Buildings or Planning for Sunlight, 

William Atkinson calculates and describes how latitude and time affect the way in which 

sunlight makes landfall (1912, p. 2-8). Atkinson provides two images that are helpful for 

illustrating these influences. 

Figure 2-8 contains three perspective diagrams for Boston, a city at latitude 42⁰– 0’ 

North. In all three of these diagrams, the full circle represents the ground plane, and the 

four cardinal directions are identified. The first perspective diagram shows the path of 

the sun at the summer solstice, by each hour of the day. The middle diagram shows the 

path of the sun at the spring and fall equinoxes. The third diagram in this image shows 

the path of the sun at the winter solstice. The sun’s path is much lower in the sky in the 

winter, leading to much shorter days. The sun is much higher in the summer, leading to 

much longer days. These diagrams illustrate the extremes of the sunpath and 

encourage us to contemplate how sunlight varies seasonally throughout the year. 
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Figure  2-8 Three Perspective Diagrams Showing the Angle of the Sun, and the Duration 

of Daylight During Different Times of the Year 

 
Note. Created for Lat. 42⁰– 0’ North (Boston). The first diagram illustrates the summer solstice. 
The middle diagram shows the spring and fall equinoxes. The final diagram illustrates the winter 
solstice. Source: William Atkinson, The Orientation of Buildings or Planning for Sunlight, 1912, 
p. 6. 
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Figure 2-9 represents Atkinson’s illustration of the sun’s path at monthly intervals 

throughout the year, this time from the perspective of the ground plane. The lines 

furthest from each other on the diagram represent the path of the sun on the summer 

and winter solstices, as is to be expected. The remaining 5 lines each represent two 

dates, as the path of the sun cycles between the solstices. Atkinson also provides a 

disclaimer: the path of the sun on May 21st does not exactly line up with the path of the 

sun on July 21st, but the differences between their actual paths are so small that it is 

impossible to present them differently on a drawing of this scale (Atkinson, 1912, p. 7). 

The same is true for the other paired dates as well. 

 

Figure  2-9 A Section of the Sun’s Path at Monthly Intervals throughout the Year 

 
Note. Created for Lat. 42⁰– 0’ North (Boston) illustrating the sun’s path at one-month intervals 
between the summer and winter solstices. Source: William Atkinson, The Orientation of 
Buildings or Planning for Sunlight, 1912, p. 7. 
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A significant observation that one can make by viewing this diagram is that the 

sun’s paths between April 21st and August 21st (a period of four months) more closely 

resemble the path of the summer solstice than the path of the equinoxes. The same is 

true for the period between October 21st and February 21st when the sun’s paths in this 

four-month period more closely resemble that of the winter solstice than that of the 

equinoxes. 

A look at Toronto’s daylight hours illustrates this same phenomenon. Toronto’s 

latitude is 43⁰– 39’ N., only about 1⁰ in latitude north of Boston. December 20th is a 

mere 6 seconds longer than December 21st in Toronto. Conversely, September 20th is 

2 minutes and 57 seconds longer than September 21st (Sunrise/Sunset Calculator, 

n.d.). The change in daylight time between the days accelerates around the equinoxes 

and decelerates around the solstices. As with Boston, Toronto’s daylight regime for two-

thirds of the year more closely aligns with the extremes witnessed during the solstices 

than it does with the daylight regime around the equinoxes. 

2.3.2 Streets, Buildings & the Optimal Layout of a City 

In addition to latitude and time of year, other considerations for planning for 

sunlight are the width and orientation of streets, and the massing and orientation of 

buildings (Atkinson, 1912, p. 20, 110-125; Swan & Tuttle, 1919, p. 427). This section will 

first look at the effects of building massing and orientation on sunlight access, and then 

move onto the relationship between buildings and the street. According to Swan and 

Tuttle a street plan and a building plan are part of the same whole: “Each of these has 
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to be conceived and perfected in harmony with the other as one unit. They are 

reciprocal parts of the sunlight plan and they therefore stand or fall together” (1919, p. 

427). 

Atkinson provides a series of shadow diagrams in which he illustrates how and 

why the orientation and massing of buildings matters when planning for sunlight. In 

Figure 2-10, Atkinson shows a cube placed at two different orientations; one where the 

cube’s faces line up with the cardinal directions and one where the cube is rotated at a 

45⁰ angle. He then simulates the shadows cast by the cube for each hour of daylight 

during the winter solstice. The cube’s location is assumed to be at latitude 42⁰– 0’ North; 

the same latitude Atkinson used in his other diagrams, presented above. The lower 

diagram shows a shaded area along the cube’s north side, illustrating the fact that the 

ground in immediately in front of the north face of a building oriented along the cardinal 

directions receives no sunlight. Meanwhile, the upper diagram shows how buildings 

oriented on a 45⁰ angle can receive sunlight on all sides of the building, just at different 

times of day (Atkinson, 1912, p. 20). 
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Figure  2-10 Shadows for a Building Rotated at 45º versus the Same 

 Building Aligned with the Cardinal Directions 

 

Note. The dark area on the north side of the lower cube represents the area that receives no 
sunlight. The shadows pictured here were calculated for winter solstice at Lat. 42⁰– 0’ North. 
Source: William Atkinson, The Orientation of Buildings or Planning for Sunlight, 1912, p. 20. 
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According to Atkinson (1912, p. 31), areas of complete shadow are the areas 

around the object that are continuously in shade for the period of consideration. For 

example, on winter solstice, the area of complete shadow would be the surface around 

the object that does not receive any direct sunlight on December 21st. Layering in the 

areas of complete shadow through the year provides an indication of the areas around 

an object that are in shadow throughout the year. Atkinson calls this the area of 

perpetual shadow (1912, p. 33). For the objects in Figure 2-10 above, the areas of 

perpetual shadow are in black — the same areas in shadow at the summer solstice. 

Atkinson’s exploration of shapes and shadows in combination with his 

visualizations have provided a very clear account of how building massing, orientation, 

latitude, and time affect sunlight on the ground (1912). Additionally, he also provides a 

description of how the orientation of the street, and the height of the buildings along the 

street, affect sunlight. Like his shadow studies outlined above, Atkinson (1921) 

illustrates that a checkerboard street-grid rotated at a 45⁰ angle allows for more sunlight 

than the same street-grid lined up with the cardinal points. Atkinson gives credit to 

Horace Bushnell for first describing the merits of a street grid at 45⁰ angles: 

no single house, or city, should ever stand thus, squared by the four cardinal 

points, if it can be avoided. On the contrary, it should have its lines of frontage 

northeast and southwest, northwest and southeast, where such a disposition can 

be made without injury in some other respect; that so the sun may strike every 

side of exposure every day in the year, to dry it when wet by storms, to keep off 

the mold and moss that are likely to collect on it, and remove the dank sepulchral 
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smell that so often makes the tenements of cities both uncomfortable and 

poisonous to health (Bushnell, 1864, p. 326). 

Adding to the discussion on the optimal street-grid, Atkinson also advises against 

the construction of east-west streets: “In city planning east-west streets should be 

avoided as far as possible, and where unavoidable, the buildings on the south side 

should be of moderate height, and built in detached blocks, so as to admit the sunlight 

between them” (Atkinson, 1912, p. 115). Swan and Tuttle provide a formula that can be 

used to calculate how tall a building should be on the south side of the east-west streets 

depending on a city’s latitude and the width of the street (1927, p. 441). This would 

result in different building height restrictions for different cities. Winnipeg for example 

would have much lower buildings on the south side of east-west streets than Key West, 

for example (Swan & Tuttle, 1919, p. 428). This may not always be practical, but Swan 

and Tuttle have demonstrated that planning for the sun is indeed possible. 

Christopher Alexander writes about the differences in solar exposure on different 

sides of buildings too. A quote found in Chapter 105: South Facing Outdoors expresses 

Alexander’s (1977) agreement with the words presented by Atkinson, Bushell, and 

Swan and Tuttle. “Thousands of acres of space in every city are wasted because they 

are on the north side of buildings and never get the sun” (Alexander, 1977, p. 514).  

Additionally, Alexander suggests that the most important open spaces should be placed 

on the south side of buildings for good solar access – at least in the northern 

hemisphere (Alexander, 1977, p.515, 759). The implications of this suggestion are far-

reaching, as communities would have to be redesigned to accommodate. 
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2.3.3 Barcelona’s Sunlight District 

The largest and most notable built example of the optimal street-grid and built 

form for sunlight access is Barcelona’s Eixample neighbourhood. Designed by Idelfons 

Cerdà in 1859, the neighbourhood features a checkerboard building and street-grid 

plan, oriented on a 45⁰ axis. Streets (or vias) are 20 metres wide and building blocks (or 

intervias) are 113.3 metres long. The four corners of the blocks are chamfered, allowing 

for more visibility at intersections. The neighbourhood features 520 of these blocks 

(Martín-Ramos, 2012; Soria y Puig, 1995), and today, houses over 260,000 people 

across 748 hectares in the heart of Barcelona. While Cerdà had intended for 16-metre-

tall buildings to be constructed on two of the four sides of his blocks, subsequent 

governments incentivized further intensification. Today, most of the Eixample’s blocks 

are enclosed on all four sides by buildings, many of which are taller than 16-meters.  

(Doer, 2014; Lepore, 2017). See the Eixample grid plan in Figure 2-11 below. It is 

important to note that Cerdà’s plan using a street-grid rotated at 45⁰ angles was devised 

before the merits of this street grid were identified in the English-language literature by 

Bushnell (1864, p. 326) or Atkinson (1912, p. 19). As a result, it is unclear where the 

idea to maximize sunlight exposure with a street grid at a 45⁰ truly originated. 

Although Cerdà’s vision was modified over time, the Eixample is still one of the best 

examples of a neighbourhood planned for high-quality housing for its residents, 

including access to sunlight. It is rare to have a designer who is so thorough in their 

design that they were able to design a neighbourhood that addressed the needs of the 

19th, 20th, and 21st centuries. 
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Figure  2-11 Barcelona’s Eixample Neighbourhood Follows a Grid Tilted at 45 Degrees 

 

Note. Barcelona’s Eixample neighbourhood highlighted. Notice Cerdà strict application of the 
checkerboard plan at a 45⁰ angle. Source: Author. Base map sourced from Google Maps (n.d.). 

 

2.3.4 Solar Envelopes & Existing Built Form 

The Eixample is such a unique example of a sunlight neighbourhood because 

societies rarely have the chance to build entire districts from scratch. More often, 

planners, engineers, and architects are inheriting a street grid and a built form to 

expand upon. Ralph Knowles, a professor of architecture at the school of Southern 



 

 

50 

California, introduced a concept he called the “solar envelope” (1981). According to 

Knowles, the purpose of the solar envelope is to “regulate development within limits 

derived from the sun’s relative motion. (p.7)” By employing this concept, Knowles 

suggests that building developments “within this container will not shadow its 

surroundings during critical periods of the day” (Knowles, 1981 p. 7). 

Solar envelopes work by taking into consideration the following constraints: the 

boundaries of the property slated for development, the boundaries of the surrounding 

properties, and the timeframes of guaranteed access to sunlight. A “shadow fence” on 

adjacent properties also needs to be created. This shadow fence acts as a delineation 

line; sunlight above the line must be protected for the given timeframe of assured 

access. The longer the period of guaranteed access to sunlight is for adjacent 

properties, the smaller the calculated solar envelope will be (Knowles, 2003, p. 16). 

The results of Knowles’ (1981) solar envelope analysis are a series of crystal-like 

masses characterized by ridges and angles. The volumes and shapes for sites differ 

since the input parameters for each site differ. Within these envelopes, Knowles 

recommended that traditional geometric construction be used to fill the volume of the 

envelope, often resulting in buildings with tiered setbacks. Knowles provides building 

concepts for the spaces within his solar envelopes. The results are unique, even novel. 

According to Knowles (2003), the concept of solar envelopes “extends aesthetic 

possibilities based on the dynamics of sunlight” (p. 25). See Figure 2-12. below for an 

example of this solar-envelope-driven form generation. 
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Figure  2-12 Knowles’ Sunpath-Derived Architectural Forms  

 
Note. The possible architectural forms derived from using solar envelopes to define a building’s 
massing. Source: Knowles, 2003, p.18. 
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2.3.5 Solar Envelopes in Rhino/Grasshopper 

Capeluto and Shaviv of the Faculty of Architecture and Town Planning at 

Technion – Israel Institute of Technology have built on Knowles’ solar envelope 

framework and have suggested that the concept of a solar envelope be split in two; a 

Solar Rights Envelope and a Solar Collection Envelope. The Solar Rights Envelope is 

the highest a building can be constructed so that it does not violate the solar rights of 

the surrounding existing buildings for a given timeframe, whereas the Solar Collection 

envelope is the lowest level where the passive solar collection opportunities are not 

impeded by the surrounding built form (Capeluto and Shaviv, 1997, p.1). Essentially, the 

Solar Rights Envelope limits how much the proposed building will shade the 

surrounding environment, while the Solar Collection Envelope considers the extent to 

which the surrounding environment affects the proposed building. 

Although 40 years have passed since the development of solar envelopes, 

Capeluto and Plotnikov lament the fact that these design tools have rarely left academia 

(2017, p. 395). They hypothesise that the difficulty of calculating solar envelopes is the 

reason for their relative obscurity.  As a result, Capeluto and Plotnikov have created an 

open-source plugin for Rhino/Grasshopper and Ladybug to calculate the Solar Rights 

Envelope, Solar Collection Envelope, and Solar Volume of buildings (2017, p. 400). 

Figures 2-13 shows the both the Grasshopper components and the solar envelope 

outputs. Plotnikov has created a tutorial on how to create these envelopes. The tutorial 

can be accessed via the following url: 

https://www.youtube.com/watch?v=hRtsxgJCVEw&t=11s 
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Figure  2-13 Solar Rights Envelope Generation Process in Rhino/Grasshopper with 

Components 

 

Note. Top: Capeluto & Plotnikov show the point cloud (A), the 3D surface (B), the solar 
envelope in blue (C), and the exported envelope (D).  Bottom: the Grasshopper components for 
solar envelope creation. Source: Capeluto & Plotnikov, 2017, p. 400.  
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2.3.6 Environmental Analysis in the Rhino3D Environment 

Today there are many modeling ecosystems in which environmental analysis and 

environmentally responsive design are possible. Rhino3D has two primary advantages 

over other software ecosystems. First, it provides for a comprehensive and continuously 

growing array of environmental analysis offerings via Ladybug and other plugins. 

Second, its use is widespread in the design fields due to its parametric and generative 

design abilities. Other environmental analysis plugins like Dragonfly, Butterfly, and 

Honeybee can be seamlessly integrated into Rhino3D to provide an even more 

comprehensive understanding of environmental considerations for both indoor, and 

outdoor spaces (Ladybug Tools, n.d.). Things like airflow, cloud cover, radiance, 

thermal satellite imagery, glare, and energy modeling can all be integrated into the 

design and planning workflow when using the Rhino3D environment (See Figure 2-14 

below). Lastly, Rhino3D is open-source. A community of developers ensures that the 

offerings are continually evolving with the times. This allows for an ever-increasing 

understanding of how built forms can relate to the environments around them. 

Another reason Rhino3D is popular among design firms is the parametric and 

generative nature of the environment. Different Grasshopper, Ladybug, and other plug-

in components can be strung together to create a scalable design process. Tasks can 

be automated, and individual design parameters can be altered to adjust and refine 

designs. The processes can be applied in both directions too; for example, a process 

showing the impact of a form on the surrounding environment can be flipped to create a 

process that alters the form for managing the impact on its surroundings. This 
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generative design process is very useful for designers as it assists in the creation of 

forms that can minimize, and potentially eliminate, negative impacts on the surrounding 

environments. The No Shadow Tower concept provided above employed these 

generative design functions in Rhino3D. While this research paper does not employ 

generative design techniques, the analysis done it can easily be integrated into a 

generative design process in Rhino 3D. For these reasons, the Rhino 3D environment 

was selected over software solutions for this research. 

Within Rhino3D/Ladybug there are several tools that could have been used to 

measure sunlight and shadows. The tool Direct Sun Hours Analysis was the most 

appealing because it allowed for the measurement of sunlight in the most easy-to-

understand terms: sunlight hours. Other tools produce outcomes in units such as 

kilowatt hours (kw/hs) or lux, and any measurement in these units would require further 

explanation. Since this research looks for broad-stroke patterns in the way the sun 

moves through space, the unit of measure that is simplest to communicate with was 

selected. 
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Figure  2-14 The Rhino3D Environmental Analysis Ecosystem Including Ladybug 

 
Note. This image identifies all the environmental analysis plugins and datasets available for use 
in the Rhino3D software ecosystem. Source: Ladybug Tools, n.d. 



 

 

57 

 

2.4 The Bosselmann Study & Toronto’s Policies on Sunlight 

As mentioned earlier in this chapter, Peter Bosselmann, along with a team from 

the University of Toronto, completed a sun and wind study for Toronto’s central area 

(Bosselmann et al., 1990). The study has become known in Toronto planning circles 

simply as the “Bosselmann Study.” It represents the most compressive study on thermal 

comfort, sunlight, and wind conditions in Toronto to date, and went on to inform the 

city’s 1991 Official Plan. The team studied the effects of sunlight and wind in three 

areas of downtown: Midtown, centred on Bloor and Bay Streets; Downtown East, 

around Shuter and Church Streets, and; the former railway lands between Union Station 

and the lake (Bosselmann et al., 1990, p. 1). Their document included an inventory and 

analysis of sun and wind conditions in Toronto and over 30 pages of recommendations, 

from city-wide guidelines to site-specific interventions. 

2.4.1 Bosselmann’s Illustrations of the Sunpath in Toronto 

The Bosselmann Study included a series of graphics, 3D models, and 

photographs that communicate the relationships between built form and comfort 

conditions on city streets, and in city parks. These graphics showcased sun and wind 

conditions that had gone largely unseen because they had rarely been documented. 

Since one of the aims of this research paper is to better visualize the sunpath, 

Bosselmann’s sunpath illustrations are presented here. Figure 2-15 the sunpath in a 

fish-eye lens used to track the path of the sun. 
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Figure  2-15 A Fish-Eye View of the Sky above Roundhouse Park, Adjacent to the CN 

Tower in Downtown Toronto  

 
Note. The sunpath is visible on the bottom half of the sky view. The dotted lines represent the 
hours of the day, and the curved lines perpendicular to the hour lines represent the monthly 
intervals between Jun 21st (Summer solstice) and Dec 21st (Winter solstice). The month labels 
are seen on the right side of the view. Source: Bosselmann et al., Sun, wind, and pedestrian 
comfort: a study of Toronto’s Central Area, 1990, p.51. 
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2.4.2 Path of the Sun Relative to Toronto’s Streets 

Like many North American cities, Toronto’s streets follow a grid system. The 

prevailing grid does not align with the cardinal directions, but rather is oriented between 

16º and 18º in the counterclockwise direction. This means that Toronto’s north-south 

streets are actually tilted to the west (Bosselmann et al., 1990, p. 20). Figures 2-16 and 

2-17 illustrate the sunlight conditions during different times of year on east-west streets, 

and north-south streets in Toronto. 

On east-west streets, the northern sidewalks get more sun throughout the year 

than the southern sidewalks do. In fact, throughout most of fall and winter, the southern 

sidewalks of east-west streets receive little direct sunlight. Thankfully, due to the 

western-tilt of the street grid, the southern sidewalk can receive late-day sunlight in 

parts of the winter and fall, and all of the spring and summer (Bosselmann et al., 1990, 

p. 19). The date that the sunset moves north and crosses the east-west streets usually 

happens around February 16th. In the fall, the sunset moves back towards the south 

side of east-west streets around October 16th. These dates are known to the 

photography community in Toronto as “Torontohenge”, as these are the dates on which 

the sunset is in alignment with Toronto’s east-west street grid. 

Since the sun rises in the east, and sets in the west, the western sidewalk on 

north-south streets receives the sun first. The eastern-sidewalk receives the sun later. 

Due to the slight west-of-north orientation, sunlight floods both sidewalks of these 
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streets more in the 11 o’clock hour, rather than the noon hour.  In December, the sun is 

in alignment with the centre-line of north-south streets just after 11:00am EST. In June, 

the solar alignment happens around 12:45am EDT, and since daylight time applies to 

the June date, an hour should be subtracted from the time to derive the comparable 

standard-time of 11:45am EST. (Bosselmann et al., 1990, p. 21). 

In addition to orientation, building massing and street-width information is 

required to be able to calculate how much sun a sidewalk receives. Before computer 

modeling, calculating the sunpath and the amount of sunlight received based on a city’s 

built form was a complex task of geometry. These graphics of the sunpath created by 

Bosselmann and his team required a technical mindset and a high-level of precision. In 

many ways, the work he was able to achieve with the technology of the time is nothing 

short of astounding. Thankfully, the tools and technology exist today in to do the same, 

if not more precise work in a much shorter period. 
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Figure  2-16 The Path of the Sun Relative to East-West Streets in Toronto 

 

Note. Three different line types annotate the path of the sun during different times of year. See 
the legend in the top-right corner of this image. The dots within those lines represent different 
hours of the day. Source: Bosselmann et al., Sun, wind, and pedestrian comfort: a study of 
Toronto’s Central Area, 1990, p.20.  
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Figure  2-17 The Path of the Sun Relative to North-South Streets in Toronto  

 

Note. Three different line types annotate the path of the sun during different times of year. See 
the legend in the top-right corner of the previous figure. The dots within those lines represent 
different hours of the day.  Source: Bosselmann et al., Sun, wind, and pedestrian comfort: a 
study of Toronto’s Central Area, 1990, p.21.  
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2.4.3 Bosselmann’s 1990s Policy Recommendations on Sunlight 

Two main recommendations from the Bosselmann Study went on to inform City 

policy for the next 30 years and will likely continue to do so for the foreseeable future. 

The first was for the implementation of planning controls to ensure the “mandatory 

provisions for sun access during the spring and fall seasons” (Bosselmann et al., 1990, 

p. 103). The second was for the protection of 5 hours of sunlight on main streets in 

Toronto, as measured on the 21st of September, or the fall equinox. Bosselmann’s 

rhetoric and recommendations live on in official City of Toronto policy documents. Table 

2-1 illustrates how these two recommendations have stood the test of time. 

Unfortunately, Bosselmann’s recommendations for Toronto were accompanied 

by a statement that devalues the role of winter sun: “During the long winter, sunlight is 

beneficial, but low angles of the sun frequently do not provide sufficient radiation to 

compensate for cold air temperatures and wind” (Bosselmann et al., 1990, p. 103). 

Since the Bosselmann Study, sunlight between September 21st and March 21st, 

including all of fall and winter, has been overlooked, and consequently under-protected 

in Toronto. The exception, as is indicated in the Applications Support Materials Terms of 

Reference document for a building proposal, is that a proposed building project’s 

shadow impact on the winter solstice is required to be considered, but only if the 

building would impact a park. 

Why parks should be treated differently than other public spaces, like streets and 

sidewalks, is questionable. So many urbanist thinkers, like Jacobs (1961), Gehl (2011), 

Whyte (1980) and even Bosselmann (1984) himself write extensively about the value of 
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life on the streets. Pedestrian-oriented retail streets like Queen Street, College Street, 

Bloor Street, Gerrard Street, and Danforth Avenue likely see higher pedestrian volumes 

than many greenspaces in the city. These streets are also lined with businesses – many 

of them family-owned – further driving pedestrian traffic. If any pedestrian group should 

be targeted for improved thermal comfort conditions, pedestrian-oriented retail street 

users ought to be prioritized. Lastly, by limiting protection to 5 hours of daylight, no 

protections were put in place for access to morning or evening sun; only mid-day sun for 

the warmest 6 months of the year is currently protected. Although the study produced 

an incredible inventory and analysis for downtown Toronto’s sun and wind conditions at 

the time, there are clearly gaps in the way these recommendations have been adopted 

by Toronto; most glaringly, the inadequate consideration of sunlight in the winter.  

Finally, Bosselmann made more suggestions related to sunlight that were not 

followed through with including: 

• the height restrictions of buildings around dozens parks and plazas across 

the city (Bosselmann et al., 1990, p.95-121), 

• the provision of deciduous street trees to regulate comfort conditions 

throughout the city for all seasons  (Bosselmann et al., 1990, p.151-154), 

In a journal article published a few years later, Bosselmann et al. state: “A city in 

a cold winter/hot summer climate like Toronto’s can have comfortable streets year-

round. Many streets in Toronto’s inner city are in fact comfortable, yet streets in the 

financial district are rarely so” (1995, p.232). This statement is buried in the middle of 
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the article and may have gone unnoticed by Toronto policy makers. By this point, 

Bosselmann’s 1990 primary recommendations had been adopted by city council and 

were already being used to change the built form of the city in ways that largely 

overlooked winter sunlight access. 

Without Bosselmann’s work in the 90s, the City of Toronto may not even have 

protected for solar access at all, so sun-lovers and public life enthusiasts ought to be 

thankful for his contributions. Now it is up to another generation to pick up where he left 

off, to protect for solar access in the winter months – when it is needed the most. 

Although sunlight alone may not be enough to overcome the cold temperatures in the 

winter, it can still help in creating conditions that are easier to overcome when combined 

with other thermal comfort mitigation measures identified by both Bosselmann (1995), 

and Brown (2010). Additionally, more consideration ought to be put into Bosselmann 

(1995)’s recommendations for the provision of street trees, because he has provided 

the most compressive and detailed plans for how these can be implemented in the 

Toronto context. The combination of protecting for winter sunlight in Toronto’s busiest 

pedestrian corridors, and the provision of street trees to regulate the overabundance of 

sunlight in summer months, are two of the most important areas of opportunities 

identified in this literature review. 
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Table 2-1 City of Toronto Documents Referencing the Bosselmann Study 

Note. Statements in the City of Toronto’s Mid-Rise Strategy, Tall Buildings Guidelines, and the 
Application Support Materials: Terms of Reference package contains statements that directly 
credit or resemble Bosselmann’s two recommendations.   

 

 

City of Toronto Policy 

Document 
Reference to the Bosselmann Study 

Tall Building Design 
Guidelines 

“limit the scale and height of the base building to 

appropriately frame the public realm, while maintaining 

access to at least 5 hours of sunlight on the opposite side of 

the street at the equinoxes” (City of Toronto, 2013). 

Avenues & Mid-Rise 
Buildings Study 

“Extensive research about the effects of sunlight on 

Toronto’s sidewalks was compiled in the “Sun, Wind, and 

Pedestrian Comfort: A Study of Toronto’s Central Area” by 

Bosselmann et al., 1990. Key recommendations of this 

study support the objective to maintain a minimum of 5-

hours of sunlight on Toronto’s commercial streets or 

Avenues between the spring equinox and fall equinox” 

(Brook McIlroy Planning et al., 2010). 

Application Support 
Materials: Terms of 
Reference (TOR) 

“Sun/Shadow tests should be done [hourly] for March 21 

and September 21.These times allow for the measuring of 

hours of sunlight windows as described in the Sun, Wind 

and Pedestrian Comfort Bosselmann/Dunker study” (City of 

Toronto, n.d.). 
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2.5 Literature Review Gaps 

This literature review has provided a historical account of the evolving 

relationship between built form and access to sunlight and provided an overview on how 

to conduct sun/shadow studies. This review has also revealed several gaps in the 

literature, including gaps between City of Toronto policy and best practice, and gaps in 

our local knowledge of how sunlight falls onto our streets and the implications that has 

for public life. If the point of sun/shadow studies is to ensure adequate access to 

sunlight, it hardly seems right that any city with an annual variation in daylight hours 

should disregard its darkest time of the year. Why does Toronto not concern itself with 

how sunlight falls on its public space in winter? Gehl suggested that public life requires 

a pleasant environment where “a maximum number of advantages, and a minimum 

number of disadvantages are offered” (2011, p. 171). It seems like there is an 

opportunity to incorporate more protections around winter sunlight in Toronto’s urban 

landscape. 

The literature revealed that there are protections for winter sun in greenspaces in 

downtown Toronto. Greenspaces, however, only represent a fraction of the public life in 

the city. Opportunities exist to identify other areas of public life that would benefit from 

winter sunlight access. Pedestrian-oriented shopping streets may be an ideal candidate 

due to their ability to attract a large volume of diverse users. 

In order build the case for a more granular and sensitive approach to designing 

with sunlight, more evidence is required. First, a local understanding of how sunlight 
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falls on the city would be helpful. Maps and diagrams akin to Atkinson’s (1912) 

visualizations on the relationship between sunlight, place, and form of Toronto would be 

a helpful communication tool. Technology available today in Rhino3D/Ladybug provides 

an opportunity to quickly create, and even animate these sunlight visualizations. 

In addition to diagrams and modeling of the sunlight conditions, a more nuanced 

understanding of the relationship between sunlight and public life is also required, 

especially in the Toronto context. This requires photographs that highlight the 

relationship between sunlight and public life, as Gehl so aptly has done for 

Copenhagen. Stop-motions videos, like the ones done by Whyte in New York City 

would be helpful too. In photographs and stop motions, it is important to highlight 

Toronto’s urban landscape, and reflect its unique diversity so that the imagery 

resonates with a local audience. 
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3 Methods 

This chapter presents the methods used during in the Documentation, 

Visualization, and Planning and Design Phases of this research. A table mapping the 

objectives onto the research procedures is presented for each of the three phases. 

These first two phases of research happened concurrently. For example, some sunlight 

modeling exercised in the Visualization Phase happened before certain stop-motion 

sequences were captured. The Planning and Design Phase occurred towards the end 

of the research, after all the data from the first two phases was collected or processed. 

 



 

 

70 

3.1 Documentation Phase: Objectives and Procedures 

This phase of the research project sought to understand the experiential side of 

sunlight in Toronto’s core. This is the bottom-up approach, where the focus of the 

research is on the human experience, at the human scale. Both photographs and stop-

motion sequences were chosen as data collection methods because of their ability to 

capture moments of different durations. Photographs capture a single instance, while 

stop motion sequences can capture a moment over a longer period of time. The main 

benefit of stop-motion sequences is the speedy playback. This research captured stop-

motion sequences between 5 minutes in length, and over 2 hours in length, but the 

video playback can last seconds, allowing the audience to quickly see the trends 

recorded. On paper, a series of the stop-motion stills are arranged on one page in a 

format that is also easy to comprehend, and equally telling of the trends captured in the 

recording.  In total, over 500 images, and 25 stop motion sequences were recorded for 

the purpose of this research, but only 18 photographs and 10 stop-motion sequences 

were shared as part of this research. Table 3-1 outlines the objectives and procedure of 

this phase of the research. 
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Table 3-1 Objectives and Procedures in the Documentation Phase 

Documentation Phase 

Objective Procedure 

1) Photograph 
moments of 
sunlight and 
shadow to 
understand how 
sunlight 
conditions 
change a space 
and human 
behaviour. 

a) Walk through the study area and photograph a 
moment of sunlight using an iPhone 12 Pro’s 
camera, and record the date, time, and weather. 

b) Select a subset of the most telling photographs to 
share in the research paper. 

c) Edit photographs using iPhone OS’s photo-editing 
tool to draw attention to one or more specific 
features. 

d) Describe how sunlight is changing the space and/or 
human behaviour in the photographs. 

2) Record stop-
motion 
sequences of 
moments of 
sunlight and 
shadow to 
understand how 
sunlight 
conditions 
change spaces 
and human 
behaviour. 

 

a) Assess different stop-motion recording techniques. 

b) Walk through the study area and record a stop-
motion sequence of a moment of sunlight using the 
Skyflow app on the iPhone, and record the date, 
time, and weather. 

c) Select a subset of the most telling still photographs 
to share in the research paper. 

d) Export stills from stop-motion video to be used in 
printed versions of this research. 

e) Edit stills using Adobe Photoshop to draw attention 
to one or more specific features. 

f) Convert stop-motion videos to GIFs to auto-loop 
playback when used in digital media. 

g) Describe how sunlight is changing the space and/or 
human behaviour in the stop-motion sequence. 

h) Calculate how the movement of some shadows is 
visible in real-time by the unassisted eye. 
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3.1.1 Timing of the Documentation Phase 

Once the study area was established in fall 2021, the data collection process 

began. One day in November (the 8th), and two days in December (the 11th and 12th), 

2021 were selected for photo-walks. Moments of direct sunlight, shadows, reflections, 

and human behavioural responses were captured. This research added stop-motion 

sequences to the documentation approach beginning in February 2022, in a manner 

similar to William H. Whyte. His approach of using stop-motions to document how 

human behaviour changes according to sunlight conditions inspired the approach taken 

in this research. Field dates for the stop-motion capture sessions include February 5th 

and 6th, March 3rd, and April 2nd, 2022. The date and time stamp is provided for each 

photograph and stop-motion presented in this research. 

3.1.2 Weather During the Documentation Sessions 

Most of the days selected for photography and stop-motion capture conditions 

that were sunny, or partly sunny. This represents a limitation, but one that is acceptable 

given this research provides a commentary on the relationship between sunlight and 

built form, rather than the relationship between sunlight and atmospheric conditions. 

This research concerns itself with the difference between public spaces in the sun, and 

public spaces that are shaded by buildings on sunny days. It is therefore not only 

reasonable, but necessary, that the data collected represents experiences during sunny 

days only. The weather conditions as experienced at the time of capture are provided 

for each photograph and stop-motion presented in the results section. 
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3.1.3 Equipment 

Photographs were captured using both an iPhone 12 Pro and a Nikon D7000 

with a 300mm tele-zoom lens. The iPhone allowed for close-up shots, while the Nikon 

D7000 was used for distance shots. Stop-motion sequences were captured using the 

iPhone 12 Pro loaded with the SkyFlow stop-motion app. A tripod was used to stabilize 

the iPhone to be able to capture a long duration from a fixed perspective. In addition, a 

notebook was used to write down or sketch events witnessed during the filming. Since 

the stop-motion sequences were captured over a long duration, a few good books were 

also necessary to help pass the time. Figure 3-1 shows the equipment used, and some 

of the books read, during the stop-motion filming sessions. 
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Figure  3-1 Equipment for the Stop-Motion Recordings  

 
Note. Equipment for the stop-motion recordings included a tripod, an iPhone 12 Pro loaded with 
the Skyflow app; a notebook to record observations, a pen, post-it notes, and a couple of good 
books to help pass the time. The books read during the filming include, William H Whyte’s The 
Social Life of Small Urban Spaces (1980), and Carlos Castaneda’s Wheel of Time (1998). 
Source: Author.  
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3.1.4 The Skyflow Stop-Motion App 

Stop-motions are typically considered to be labour intensive. While they do take 

time to record, the right recording tools can reduce the labour involved. Skyflow’s 

extensive feature set, low-cost, and usability made the recording and post-processing of 

the stop-motion videos easy. Skyflow’s feature-set includes: 

• The ability to customize the photo capture interval, so that the level of detail and 

the sensitivity of movement perceived in each video could be manipulated. 

• A record of the metadata, including the start date and time, and the end-date and 

time, number of frames, and interval of frames. This makes data tracking and 

reporting a straightforward task. 

• The option to export the stop-motion video as individual frames (.jpg or .pngs) 

and as video (.mp4 or .mov). Videos were used for the digital components of this 

research, while the .png stills are presented below in the results section. 

While the SkyFlow app reduced the labour required to produce stop-motion 

sequences, the data collected is storage intensive. The stop-motion sequences 

captured range in size from 100 megabytes to 1.3 gigabytes each. The only way to 

offload the data from the app is by exporting the videos and image stills. If the original 

stop-motion file in the SkyFlow app is deleted, image stills cannot be used to generate a 

stop-motion video in the app again. For this reason, if the intention is to keep the 

original SkyFlow app files, it might make sense to have a dedicated smartphone for this 

purpose. 
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3.1.5 Post-processing Photographs and Stop-Motions 

The photographs provided in this research were colour-enhanced using Adobe 

Photoshop by adjusting the saturation, as well as the M and L curves. This was done to 

increase the contrast between sunlight and shadows, to make differences in light 

conditions more apparent. 

The stop-motion sequences demanded a different approach since three types of 

images were created for each sequence. The first image presented is of a still. The stills 

were colour-enhanced in Adobe Photoshop. In one case, annotations were added to the 

stills in Adobe Illustrator to draw attention to reflections and shadows recorded. The 

second type of image is set of the raw .jpgs from the stop-motion stills exported at equal 

intervals. These raw images were not colour-enhanced. The only manipulation to these 

images was cropping so their proportions would better fit on the page. The last type of 

images is the same set of stop-motion stills, but in black-and-white. In some of these 

black-and-white stills, a single colour from the original photo was isolated and 

preserved. This technique was used in particular for stop-motion sequences that 

recorded reflections of coloured light. 

3.1.6 Descriptions of the Photographs and Stop-Motions 

Lastly a description was provided for each of the photographs and stop-motion 

stills. This description was created for three reasons. The first reason was to provide 

context. Many people who see these images and stop-motions may not be familiar with 

the streets and landmarks of the study area, so a description of what they are looking at 
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might provide some clarity. Secondly, the description further draws attention to the 

trends documented in photographs or the stop-motion sequences. Finally, the 

descriptions aim to provide a language to the largely intuitive, but understudied 

relationships between sunlight, built form, and public life. 

3.1.7 Moving Shadow Calculations 

There were a couple instances where the shadows of large buildings could be 

seen moving in real-time with the unassisted eye. Simple geometry was used to 

measure, calculate, and explain why this is possible. A more detailed explanation of the 

methodology used to calculate specific distances and angles observed in a stop-motion 

sequence is presented in the results chapter. For this exercise, the procedures and 

findings are best understood in context of one another. 
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3.2 Visualization Phase: Objectives and Procedures 

This phase of the research was designed to understand sunlight conditions on 

the ground from a top-down approach, looking at multiple districts of Toronto’s core. 

This approach began with an exploration of how sunlight on the ground is influenced by 

both the sunpath and built form of the city. A series of diagrams and illustrations were 

created to help articulate these relationships. Secondly, sunlight maps were created to 

communicate the annual sunlight conditions in the study area. Rhino3D/Ladybug was 

used for both the sunpath analysis, and the sunlight mapping exercises. Table 3-2 

outlines the objectives and procedures for this phase of research. 
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Table 3-2 Objectives and Procedures in the Visualization Phase 

 

Visualization Phase 

Objective Procedure 

3) Explore the 
relationship 
between the 
sunpath and 
built form 
through a series 
of diagrams and 
illustrations. 

 

a) Load the Ladybug sunpath for Toronto. 

b) Compile & refine the 3D building massing data from 
the City of Toronto. 

c) Create diagrams and composite images that 
articulate the significant features of the sunpath. 

d) Conduct shadow studies to communicate the 
relationship between the sunpath and built form at 
different times of year. 

e) Compare Toronto’s sunpath to that of other cities 
around the world. 

f) Describe why an understanding of the sunpath is 
necessary when designing and planning for the sun. 

4) Visualize 
sunlight 
conditions 
across the 
study area 
through a series 
of sunlight 
maps. 

a) Define map types based on study periods 

b) Create Ladybug script for Direct Sun Hours Analysis 

c) Run Ladybug Direct Sun Hours Analysis for the 
study periods to produce data for the sunlight maps. 

d) Format maps for legibility. 
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3.2.1 Rhino3D/Ladybug Sunpath 

Ladybug’s default sunpath diagram was used to visualize and explore the 

changing positions of the sun in this research. Figure 3-2 illustrates the Grasshopper 

and Ladybug components used to generate the sunpath diagram. The following list also 

outlines and describes the components used: 

• EPWMap. Used to open the EPW climate file downloader. The 

BooleanToggle component, when set to True is used to open the weather file 

downloader in a web browser. 

• Panel. A url link for the EPW file is pasted into the Panel. 

• DownloadEPW. Used to download and unzip the file to prepare it for the 

next component. 

• ImportEPW. Used to import data from the EPW climate file. 

• Sunpath. Produced a graphic that plots the position of the sun at various 

times of the year. 

 

 

 

 



 

 

81 

 

Figure  3-2 Grasshopper and Ladybug Components used to Generate the Sunpath for 

Toronto 

 

Note. The panel component in yellow includes the url link for the EPW file for Toronto. The 
outputs of one component can be sent to the next component for continued processing, hence 
the links between the components. There is no link between the EPWMap component and the 
panel because the EPW file for Toronto had to be manually selected from a long list of EPW 
files around the world and pasted into this analysis.  The orange line coming out of the vectors 
output in the Sunpath goes to the DirectSunHours component used to produce the sunlight 
maps.  
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3.2.2 3D Massing Model of the City of Toronto 

The other key piece of the sunlight studies presented in this research is the built-

form. A 3D building massing model of the study area is available for download in the 

City of Toronto’s Open Data Portal. This massing model is available in AutoCAD and 

Sketchup formats but can easily be imported into Rhino3D using the Import or Insert 

tools under the File Menu. The 3D massing model provided by the City of Toronto is 

available for download by tiles. The sizes of the tiles vary by complexity of the built form 

of city districts. Table 3-3 outlines the eleven 3D massing model tiles used in this 

analysis. Once downloaded, the tiles were reassembled in Rhino 3D and the scale was 

cross-referenced with Google Earth (n.d.) for accuracy. Some of the buildings outside of 

the study area were clipped out to simplify the model. A minimum of a two-block buffer 

of buildings around the study area was kept so that those buildings’ shadows would 

impact the conditions in the study area. 

The simplified versions of the massing models were used if available. The 

simplification of the massing models was done by the City of Toronto using Level of 

Detail 2 tools in SketchUp (D. Ratnayake, personal communication, February 22, 2022). 

Since the City of Toronto creates and manages these simplified massing models, they 

will likely accept this limitation of the research. Additionally, since this analysis was done 

for multiple districts in Toronto’s core, the discrepancies between the simplified building 

massing models and the more detailed models are less likely to be observed. If sunlight 

models were done for smaller scale sites like parks or intersections, the analysis might 
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consider using the versions of the 3D massing model with greater detail. Another 

limitation to consider is that the building model assumes a flat ground plane, instead of 

using the topography of the city. Since the study area is relatively flat, and since the City 

Staff share the model in this way, this limitation was also deemed acceptable for this 

research project. 

Table 3-3 Building Massing Tiles from the City of Toronto Used in this Research 

 

 

 

3d Massing Tile Notable Districts and Public Spaces in Tile 

50H_SOUTH1 Alexandra Park, Kensington Market 

50H_SOUTH2 Grange Park & Baldwin Village 

50H_SOUTH3 - Simplified Bay Street Corridor North, Nathan Phillips Square 

50G_NORTH1 King St W & Portland St Area 

50G_NORTH2 - Simplified Entertainment District 

50G_NORTH3 - Simplified Financial District 

50G_SOUTH1 City Place & Canoe Landing Park 

50G_SOUTH2 CN Tower, Rogers Centre, Roundhouse Park 

50G_SOUTH2 - Simplified Union Station, Harbour Square 

51H_SOUTH - Simplified X University, Regent Park, Yonge-Dundas Square 

51G - Simplified St. Lawrence Market, Distillery District 
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3.2.3 Measuring Shadows During Different Times of the Year 

After the Ladybug sunpath and the 3D massing model for the study area were 

arranged, it became possible to run shadow studies for the study area. Table 3–3 and 

the following list outlines the components used for this portion of the analysis: 

• HOY. Short for “Hour of the Year.” Used to specify the position of the sun as 

it relates to the sunpath in Rhino and Grasshopper. 

• NumberSliders. Used to specify the inputs for the Month, Day, and Hour 

values in the HOY component 

• RhinoSun. A Grasshopper component that is used to override the position of 

the sun in Rhino. This requires the location from the ImportEPW component 

specified earlier. The BooleanToggle component was used to run the 

procedure. 

Another option to control the sunlight in Rhino3D is to do it manually through the 

Settings menu under the Render tab. This method does not visualize the sun relative to 

the Ladybug sunpath, and therefore it was not used in this analysis. Through either 

method, the shadows cast by the 3D Massing Model are visible the Rhino3D viewports 

in rendered mode. 

In preparing the diagrams, the sunpath was enlarged and centered over the 

study area using a NumberSlider component connected to the _scale_ input field in the 

Sunpath component. The Sunpath was also centred by specifying a point object in 

Rhino to a point component in Grasshopper that was connected to the _centre_pt input 
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values also in the Sunpath component. Diagrams that contain the building massing, 

shadows, sunpath, and the position of the sun for different hours of the year were 

captured from within Rhino viewports and brought into Adobe Photoshop. The colours 

and shadow intensities were manipulated for better visibility and contrast. The results 

for this exercise are reported in the results chapter. 

 

Figure  3-3 Components Used to Generate Shadows Based on Built Form 

 

 

Note. The RhinoSun component is orange in this screenshot because data is missing.  
Connections to other components were removed for the sake of visual simplicity. If others wish 
to repeat this analysis, the _location input would need to be populated using the location output 
of the ImportEPW component. Additionally, the hoy output from the HOY component must be 
connected to the hoys_ input in the Sunpath component to visualize the location of the sun 
relative to the sunpath. Source for components: McNeel, 2010. Arranged by author.  
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3.2.4 Comparing the Sunpath of Different Cities 

Due to the unique positions of every city on Earth, every city has its own sunpath. 

In the same way that Toronto’s sunpath was derived by using an EPW climate file, the 

sunpath of other cities can be derived too. To get the sunpath for another city, that city’s 

EPW climate file can be downloaded using the same url link accessed from the 

EPWMap component. The EPW file for a different city can be pasted into the same 

panel that Toronto’s EPW file was pasted into, producing a new sunpath for that city. 

The sunpaths for different cities were exported into Adobe Photoshop and overlaid onto 

one another to show the differences. 

3.2.5 Determining a Periods of Analysis for the Sunlight Maps 

Sunlight conditions change throughout the year, and this research aimed to map 

the sunlight conditions in Toronto’s core to show those seasonal variations. Since both 

the literature and the sunpath analysis revealed that sunlight conditions stabilize around 

the solstices but are more volatile around the equinoxes, two periods of analysis, 

centred on the solstices were assumed. The first period is darkest half of the year, 

centred on December 21st – winter solstice. This period runs from September 21st to 

March 20th. The second period is the sunniest half of the year, centred on June 21st – 

summer solstice. This period runs from March 21st to September 20th. In this research, 

these two periods are referred to as the dark season, and the bright season, 

respectively. More periods of analysis could have been generated, but that would have 
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resulted in more maps. For simplicity’s sake, only two sunlight maps were generated; 

together they represent the variability in sunlight conditions throughout the year. 

Additionally, calculations were done to quantify the difference in daylight in the 

study area across both periods. Sun rise and sun set times from Sunrise/Sunset 

Calculator (n.d.) website were used to measure day lengths. For both the bright season, 

and the dark season, the day lengths were summed, producing a value for the number 

of total daylight hours in that period. These findings were presented alongside the 

sunlight maps in the results chapter. 

The graphic output, and the values calculated for the study area using Direct Sun 

Hours does not accurately represent the conditions on the ground, but rather illustrates 

the maximum sunlight possible in the study area given the path of the sun. Cloud cover 

is not considered in the calculations used to produce the Direct Sun Hours analysis as 

cloud conditions vary day to day and year to year. To account for cloud coverage, a 

ratio of experienced sunlight versus daylight hours could be derived for each day, week, 

or month of the year using historical weather data. These ratios could be applied to the 

results of the Direct Sun Hours study to produce values that account for annual cycles 

of cloud coverage. This research does not apply these ratios since it does not seek to 

measure actual sunlight from an atmospheric point of view, rather it seeks to 

understand how the city’s-built form affects the sunlight conditions on the ground. 
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3.2.6 Producing the Sunlight Maps 

Ladybug’s Direct Sun Hours Analysis was used to create the sunlight maps for 

Toronto’s core during the darkest and sunniest halves of the year. The production of 

these sunlight maps made use of the Grasshopper and Ladybug components and the 

3D massing model assembled for the sunpath and shadow studies previously outlined.  

Figure 3–4, and 3–5  illustrates all the Grasshopper and Ladybug components used in 

the Direct Sun Hours Analysis for the dark season, and bright season. The components 

not previously mentioned, along with their inputs are outlined below: 

• AnalysisPeriod. This component allows for the specification of a start hour 

of the year, and an end hour of the year. The analysis period is the date-time 

range between the two hours of the year specified. NumberSlider 

components were used to specify the hours, days and months. 

• DirectSunHours. This component accepts the vectors from the Sunpath 

component to generate the direct hours of sunlight in a specified in the 

AnalysisPeriod component. Several additional data inputs are required for 

this analysis. The field _geometry is the analysis surface. In this case, this 

represents the ground plane of the study area. A large rectangular surface in 

Rhino, representing the study area was specified as this analysis surface. 

The 3D massing model assembled previously was specified as a mesh and 

linked to the context_ field. A NumberSlider was used to control the 

granularity of the grid sizes. A value of 3000 produced high-resolution results 
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and was used as the input for the _gridsize field. Finally, a BooleanToggle 

was used to control when the component would run. 

• LegendPar. This component is used to customize the legend of the Direct 

Sun Hours analysis. Things like minimum value, maximum value, number of 

steps, colour range, number of decimals, size and placement can be 

customized. Figures 3-4, and 3-5 also illustrate how the legends, were 

customized for the sunlight maps.
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Figure  3-4 Components Used in the Direct Sun Hours Analysis, Configured for the Dark Season  

 

 

 

Note. The AnalysisPeriod component is set to start on September 21st at midnight and runs through to the end of the day on March 
20th. Source for components: McNeel, 2010. Arranged by author. 



 

 

91 

Figure  3-5 Components Used in the Direct Sun Hours Analysis, Configured for Bright Season 

 

 

Note. The AnalysisPeriod component is set to start on March 21st at midnight and runs through to the end of the day on September 
20th. Source for components: McNeel, 2010. Arranged by author.  
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3.2.7 Map & Legend Formatting 

The Ladybug Direct Sun Hours analysis outputs for the dark season and bright 

season were captured from the Ladybug viewports and brought into Adobe Photoshop 

to add labels, including street, park, and district names. Not every street or park was 

labeled to ensure that the final map was not cluttered with text. Additionally, the legend 

was reformatted to better fit the dimensions of this report. Legend values were 

presented in two ways. One part of the legend corresponds to the output of the Direct 

Sun Analysis model: the aggregated hours for the entire six-month period. The second 

part of the legend corresponds to the output of the Direct Sun Analysis, averaged to 

show the hours per day in the six-month period. This was calculated by dividing the 

aggregated hours for the entire six-month period by 182.5 – the number of days in the 

six-month period. The average number should simply be used to gauge the magnitude 

of sunlight. It should not be used as a true read on the number of sunlight hours per 

day, since the sunlight hours are changing day-to-day throughout the year.   
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3.3 Planning and Design Phase: Objectives and Procedures 

Planning and Design is the final phase of research presented in this document. 

This phase produced two main outputs. First is a demonstration of how sunlight maps 

can be used as a site selection tool to determine where to expand or intensify public 

space. Second is a list of recommendations for the environmental design fields on how 

to consider sunlight in the urban landscape. The objectives and procedures of this 

phase are presented in table 3-4 below. 
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Table 3-4 Objectives and Procedures in the Planning and Design Phase 

 

 

Planning and Design Phase 

Objective Procedure 

5) Develop an 
approach to 
expand and 
intensify public 
space based on 
the 
documentation 
and visualization 
stages of this 
research. 

g) Articulate rationale for why a sunlight-based 
approach to expanding and intensifying public 
space is needed. 

h) Map the location of people sitting in the sun 
relative to the sunlight maps generated. 

i) Note the location of the existing parks and public 
spaces on the sunlight maps. 

j) Demonstrate the ability to identify sites to expand 
and intensify public space using the sunlight maps. 

6) Make 
recommendations 
for how the 
environmental 
design 
professions 
should work with 
sunlight in 
Toronto. 

 

e) Compile research findings into recommendations 
for how the fields of landscape architecture, 
architecture, planning, and urban design should 
work with sunlight in Toronto. 

f) Discuss how recommendations can be applied to 
other urban landscapes. 
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3.3.1 Demonstrating an Approach to Expand and Intensify Public Space 

This section outlines how the site-selection demonstration for expanding and 

intensifying public space was done. First, the rationale for why public space should be 

expanded or intensified in sun during the dark season was required. People’s behaviour 

was analyzed during the moments of sunshine that were documented in the 

photographs and stop-motion videos. An overlay study was done to pinpoint the location 

of people sitting in the sun relative to the dark season sunlight map. This overlay study 

was used to articulate people’s preference for public space in the sun versus in the 

shade during this period of analysis. 

Once the rationale for where to expand or intensify public space was established, 

the demonstration process for using the sunlight maps for site selection could begin. 

First, the existing parks were identified in the sunlight maps. Next, the sunniest parcels 

not currently considered public space were highlighted. These spaces are the areas 

where public space could be expanded since they receive favourable sunlight 

conditions. The sunniest sidewalks and private courtyards were also highlighted since 

there are opportunities to intensify the public realm in these areas. Lastly, the darkest 

areas of the sunlight map were highlighted to show where heliostats or building 

reflections that redirect sunlight would provide the most benefit. 
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3.3.2 Developing the Recommendations 

The last item presented in this research was the recommendations for how 

design professionals should plan and design for sunlight in public space. First, the 

results of the research were synthesized into key takeaways. Insights from the literature 

review were also used to show consistencies between the results of this research and 

the results of previous studies. Once the key takeaways were developed, 

recommendations were produced to create a series of actionable tasks. This approach 

to developing the recommendations helps to ground them in the evidence produced by 

this, and other bodies of research. The process of applying key takeaways to make 

recommendations is presented in the results chapter. The summarized list of 

recommendations is presented in the conclusion chapter. 

 

 

 

 

 

 

 



 

 

97 

4 Results 

This chapter presents the results of the three phases of research. First, the 

photographs and the stop motion videos are presented as part of the Documentation 

Phase. Next the sunpath diagrams, shadow studies, and the sunlight maps are 

introduced as a part of the Visualization Phase. Finally, the site-selection 

demonstration, and the recommendations are offered in the Planning and Design 

Phase. This body of research presents findings that are representative of the human 

experience on the ground, as well as a top-down overview of the sunlight conditions 

across the study area, throughout the year. The significance of these results are 

presented in Chapter 5, Discussion. 
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4.1 Documentation Phase: Photographs 

The section presents the photographs captured during the photo walks on 

November 8th, and December 11th, and 12th. Photos were captured at other points 

during the study period too, but these photographs – taken early on – demonstrate the 

relationship between sunlight and public life very well. Also, stop-motion sequences 

became the dominant documentation technique soon thereafter.  In addition to the 

photographs and stop-motion stills, a paragraph of text describes the events pictured. 
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4.1.1 Patio Weather in November 

November is not normally considered patio weather in Toronto. Sidewalk and 

curb lane patios across the city were in the process of being dismantled ahead of 

winter. Despite this, there were a couple of warm, sunny days in November that drew 

people to dine outdoors en masse. Torontonians knew winter was coming, and they 

embraced the warmth and sunlight that they were given. Figure 4-1 represents just one 

of the many outdoor dining scenes captured during these photography walks. In this 

photo, a couple with a young child are enjoying an iced beverage outdoors on Queen 

Street West in November. The cafe they are sitting in front of is located on the north 

side of the street. In addition to the outdoor diners, this sidewalk was crowded with 

people standing, walking, and sitting. 

Field Date & Time Monday, Nov. 8th, 2021, 2:16 PM 

Weather at Time of Photo 17°C, Sunny 
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Figure  4-1 Diners In front of a Queen Street West Restaurant in November  

 
Note. When the outdoor environment is comfortable, people want to be outside. Source: Author.  
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4.1.2 Serendipitous Interactions in the Sun 

The busker pictured in Figure 4-2 is singing and playing guitar while standing in a 

patch of sunlight on the north side of Baldwin Street in Kensington Market. It is unclear 

whom the child in this photo belongs to, or if the two dog-walkers pictured know each 

other. Some of these people pictured are likely strangers. Yet because the conditions 

are right, these people have engaged in a brief, but meaningful interaction with one 

another. Had the busker not chosen this time to perform, this interaction may have 

never happened. The interaction pictured here is likely just one of several interactions 

between strangers that occurred in this moment of November sun. 

Field Date & Time Monday, Nov. 8th, 2021, 3:17 PM 

Weather at Time of Photo 16°C, Sunny 
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Figure  4-2 Busker Adding to the Street Life in Kensington Market 

 
Note. A moment of sunshine can bring strangers together. Source: Author. 
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4.1.3 Basking in December’s Sun 

The sunny and warm days in December brought people outside together, just as 

they did in November. This time, only a few cafes and restaurants in the study area 

offered seats on the sidewalk, but for the ones that did the seating was well-used.  The 

first two images in Figure 4-3 show two cafes on the east side of Spadina Avenue. Both 

received afternoon sun that day, and both saw people using the chairs outside. The four 

remaining images show people sitting in groups, or alone, on the seating provided in 

Grange Park. The designer of this park likely understood that the park’s exposure would 

encourage people to bask in the sun, especially during the cooler months of the year. 

Also note the various seating surfaces materials at Grange Park. Some seat surfaces 

are made of wood, while others are made of concrete, offering park visitors a choice 

based on the conditions. This compilation of photographs indicates that wherever there 

was seating available in December’s sun, people would use it. 

 

 

 

 

 

 

Field Date Sunday, Dec. 12th & Monday Dec. 13th, 2021 

Weather at Time of Photos 5-9°C, Sunny 



 

 

104 

Figure  4-3 People Sitting on Seats in the Sun in December 

 
Note. People want to sit in the sun, even in December. Source: Author. 
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4.1.4 Basking in December’s Sun – Even Without Seating 

Despite all the tactical urbanism and place-making projects installed along King 

Street offering a colourful array of seating, nobody was sitting there. All these projects 

were in shade, at least at the time of observation. Yet on Spadina Avenue, many people 

could be observed sitting in the sun, even when chairs or benches were not available. 

Figure 4-4 shows people at various intersections along Spadina between King Street 

and Queen Street. People would sit down on anything, including planter boxes, parking 

lot guardrails, and retaining walls. At the corner of King and Spadina, two young people 

walked up to a patch of sun from the shadow of the Entertainment District, and simply 

stat down on the sidewalk to bask in the sun. People’s desire to sit in the sun was 

greater than their desire to sit in a chair. Clearly there was a lack of seating in this part 

of downtown in the sun. The last image in the compilation shows a tactical urbanism 

project on King Street that offered seating, but it was in the wrong place – people did 

not want to sit in the shadows in December. 

 

 

 

 

 

Field Date Sunday, Dec. 12th & Monday, Dec. 13th, 2021 

Weather at Time of Photos 5-9°C, Sunny 
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Figure  4-4 People Sitting and Resting on Anything in the Sun in December 

 
Note. People prefer to sit in the sun in winter over sitting in a chair. Tactical urbanism projects 
on King Street are not used in the cold months when they are in the shadows. Source: Author. 
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4.1.5 Outdoor Retail in December 

Kai Wei Supermarket, is located on the east side of Spadina Avenue — a 

position favourable for mid-day and afternoon sun. The supermarket spills out onto the 

street with bountiful fruit and vegetable stands throughout the year. Figure 4-5 shows 

that the outdoor displays continue through the winter. In the cooler months, the sun 

helps to create the outdoor environment necessary for these displays. In the warmer 

months, Kai Wei has awnings that can be extended out to provide shade for its produce 

displays. With cooler conditions, the awnings are pulled back to allow for warmth and 

light. Kai Wei, like many other markets, animates Toronto’s main streets by providing 

opportunities for people to shop right on the sidewalk. 

Field Date & Time Monday Dec. 13th, 2021, 11:33 AM 

Weather at Time of Photo 7°C, Sunny 
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Figure  4-5 People Shopping for Produce on Spadina Avenue in December 

 

Note. Sunlight drives street life in winter. Source: Author. 
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4.1.6 Colour, Contrast & Beauty of Winter Sunlight 

In addition to altering the microclimate conditions on city streets, sunlight also 

serves to add visual interest by enhancing colour and contrast. Figure 4-6 shows that 

the reds of the red twig dogwoods and the winterberry hollies in the direct sunlight are 

more vivid than the same plant material in the shadow. Just above these planters, the 

branching structure of the honey locusts can be more easily appreciated when the tree 

is in the sunlight. In contrast, the trees in the shadows of the buildings are hardly visible. 

This photo captures the idea that direct sunlight enhances the abilities to perceive 

colour and form in the urban landscape. The sun in winter is lower on the horizon than 

in the summer, therefore the qualities of light at a given time of day may be richer in 

winter than at the same time of day in summer. The conditions known to photographers 

as the “golden hour” effect are therefore more prevalent in winter, and so it is possible 

that winter sun may be even more visually stimulation and create more beauty than 

summer sun. To test this hypothesis separate studies should be done. In this research 

however, it is possible to conclude that sunlight in winter – the darkest time of the year – 

is useful for more than just the thermal comfort it offers. Sunlight in all seasons – 

perhaps especially in winter – enhances our ideas and perceptions of visual beauty. 

Field Date & Time Monday, Dec. 13th, 2021, 12:01 PM 

Weather at Time of Photo 7°C, Sunny 
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Figure  4-6 Colour and Form of Vegetation is More Easily Appreciated in Sunlight 

 

Note. The reds of the red twig dogwoods are more vivid, and the branching structure of the 
honey locusts is more apparent in sunlight. The red twig dogwoods and the honey locusts not 
illuminated by sunlight in this photograph are less noticeable, and less beautiful. Source: Author. 
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4.2 Documentation Phase: Stop-Motion Sequences 

The following section presents the findings from the stop-motion exercises. Each 

stop-motion sequence presented includes a description of what was captured, the 

metadata (e.g. start time, photo interval, weather, etc.), and a single still image that is 

representative of the phenomena documented in the video. Since the format of this 

document does not easily support videos, a series of stills that communicate the 

movement of sunlight, shadows, reflections, and people are provided. Ten stop-motion 

sequences presented in this research are introduced in the same order they were 

captured in. Finally, a link to where the stop-motions can be accessed in video format is 

provided below. Sometimes the stills provide for a different perspective than the video 

versions, and vice versa. It is therefore recommended that both the stills and video 

versions of the stop-motion sequence be considered when deciphering the results 

presented in this research. The video versions of the stop-motion sequences can be 

found at: http://www.mattcanaran.com/ 
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4.2.1 Sunlight between Buildings on John Street, February 

The purpose of this stop-motion sequence was to capture a sliver of sunlight 

moving through space. The sunlight pictured here passed through a narrow gap 

between two tall condo towers and made landfall onto John Street at Nelson Street in 

downtown Toronto. Over the course of an eight-minute period, the sunlight swept to the 

east as the sun continued along its path to the west. The sliver of sunlight became 

narrower and eventually became segmented as light was blocked by the protruding 

balconies on one of the condo buildings in the distance. The segmented patches of light 

became smaller and smaller until the direct sunlight disappeared altogether. The 

movement of the sunlight and shadows on the ground could be detected with one’s own 

eyes. This reveals that the rotation of the Earth is detectable even without the 

assistance of stop-motion capture and other visualization techniques. See Figures 4-7, 

4-8, and 4-9. 

Field Date February 5, 2022 

Weather at Start Time -8°C, Sunny 

Start Time 1:11 pm EST 

Photo Interval (HH:MM:SS) 0:00:15 

Number Stills in Video 32 

Number of Stills in Print 12 

Duration Captured (HH:MM:SS) 0:08:00 

End Time 1:19 pm EST 
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Figure  4-7 Sliver of Sunlight on John Street 

 
Note. A narrow sliver of sunlight breaches the two tall buildings in the distance and moves 
across John Street over an eight-minute period. Source: Author.  
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Figure  4-8 Sliver of Sunlight on John Street – Unedited Stills 

 
Note. Unedited stop-motion stills showing the movement of the sun between two buildings on 
John Street over an eight-minute period. Source: Author. 
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Figure  4-9 Sliver of Sunlight on John Street – Black and White Stills 

 

Note. Black-and-white stop-motion stills showing the movement of the sun between two 
buildings on John Street over an eight-minute period. Source: Author.  
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4.2.2 Multiple Sunlight Sources on King Street, February 

This stop-motion sequence was captured from the north sidewalk of King Street, 

looking south towards “Restaurant Row.” The focus is a point on ground-level where 

direct sunlight is being met by two sets of reflections: one from Metro Hall to the south-

east, and one from the Toronto International Film Festival (TIFF) Lightbox’s ground-

level glazing. At this point, the sun’s energy is intensified – the light is brighter, and it 

feels warmer. The three sources of sunlight can be observed by the reflection patterns 

on the sidewalk, and by the three directions of shadows created by people walking 

through the space. This sequence used the 1 second photo intervals for more nuanced 

pedestrian movement in the space. Lastly, notice the crane in the top-right corner of the 

stills. A building is rising there, and one day soon, the building will take away light from 

this portion of King Street West. See Figures 4-10, 4-11, and 4-12. 

Field Date February 5, 2022 

Weather at Start Time -7°C, Sunny 

Start Time 1:38 pm EST 

Photo Interval (HH:MM:SS) 0:00:01 

Number Stills in Video 210 

Number of Stills in Print 11 

Duration Captured (HH:MM:SS) 0:03:30 

End Time 1:41 pm EST 
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Figure  4-10 Multiple Sunlight Sources Acting on the Sidewalk 

 

Note. Sunlight, shadows, and reflections visually augmented to draw attention to the multiple 
sources of light and multiple directions of shadows. Source: Author.  
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Figure  4-11 Multiple Sunlight Sources – Unedited Stills 

 
Note. Unedited stop-motion stills showing the multiple sources of sun, and therefore multiple 
shadows created by people walking in front of the TIFF Lightbox. Recorded over a three-minute 
period. Source: Author.  
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Figure  4-12 Multiple Sunlight Sources – Black and White Stills 

 

Note. Black and white stop-motion stills showing the multiple sources of sun, and therefore 
multiple shadows created by people walking in front of the TIFF Lightbox. Recorded over a 
three-minute period. Source: Author.  
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4.2.3 Reflections from the TIFF Lightbox, February 

Sunlight passed over “Restaurant Row,” a block of two-storey red brick buildings 

on the south side of Toronto’s King Street West and bounced off the glazing on the TIFF 

Lightbox onto the street and sidewalk. Due to the composition of the windows, the 

reflected light was white and pink. These reflections were recorded over the course of 

an hour. The stop-motion playback reveals movement reminiscent of the aurora 

borealis. In the top-left corner of the first few stills below, the shadow of the crane 

mentioned in the last stop-motion sequence is visible. In the subsequent stills, the 

shadow moves to the right as the sun moves to the west. Eventually, the building being 

constructed by this crane will block light from being reflected off the TIFF Lightbox, and 

this pattern of reflection may be lost forever. See Figures 4-13, 4-14, and 4-15. 

 

 

 

 

 

 

Field Date February 5, 2022 

Weather at Start Time -7°C, Sunny 

Start Time 1:48pm EST 

Photo Interval (HH:MM:SS) 0:00:15 

Number Stills in Video 247 

Number of Stills in Print 12 

Duration Captured (HH:MM:SS) 1:01:45 

End Time 2:50pm EST 
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Figure  4-13 TIFF Lightbox’s Pink Reflections 

 
Note. Was this pink-reflection effect planned by the architect? Source: Author. 
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Figure  4-14 TIFF Lightbox’s Pink Reflections – Unedited Stills 

 

Note. Unedited stop-motion stills showing the movement of the pink reflections created by the 
TIFF Lightbox. Recorded over a 1h, 1m, and 45s period. Source: Author.  
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Figure  4-15 TIFF Lightbox’s Pink Reflections – Colour-Enhanced Stills 

 
Note. Colour-enhanced stop-motion stills highlighting the movement of the pink reflections 
created by the TIFF Lightbox. Recorded over a 1h, 1m, and 45s period. Source: Author.  
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4.2.4 Reflections on Union Station, February 

Toronto’s main train station is graced with a warm lightshow on sunny days 

throughout the year, and especially in winter. The sun’s low angle on the horizon in 

winter means building reflections are longer. This stop-motion video captures the 

movement of reflected sunlight from the Royal Bank of Canada (RBC) building onto 

Union Station. Since the RBC building is glazed in gold, the reflections on Union Station 

are also gold. This lightshow greets visitors who arrive to the city centre by train or 

subway and adds to the sense of beauty and gravity of the space. Due to the relatively 

low massing of Union Station, in combination with its placement between a generous 

rail corridor and a widened Front Street, this is one of the places in Toronto’s core that 

receives a large amount of sunlight. The current built form is set to change with large 

development projects above the rail corridor, to the south of Union Station. The 

additions to the built form will likely take away light from this space. See Figures 4-16, 4-

17, and 4-18. 

Field Date February 5, 2022 

Weather at Start Time -7°C, Sunny 

Start Time 3:18pm EST 

Photo Interval (HH:MM:SS) 0:00:30 

Number Stills in Video 62 

Number of Stills in Print 12 

Duration Captured (HH:MM:SS) 0:31:00 

End Time 3:49pm EST 
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Figure  4-16 Golden Reflections on Union Station 

 
Note. Was this gold-reflection effect planned by the architect? Source: Author.  
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Figure  4-17 Golden Reflections on Union Station – Unedited Stills 

 
Note. Unedited stop-motion stills showing the movement of the golden reflections on Toronto’s 
Union Station over a 30-minute period. Source: Author.  
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Figure  4-18 Golden Reflections on Union Station – Colour-Enhanced Stills 

 
Note. Colour-enhanced stop-motion stills highlighting the movement of the golden reflections on 
Toronto’s Union Station over a 30-minute period. Source: Author.  
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4.2.5 Sunlight and Public Life in Kensington Market, February 

This stop-motion video captures a relationship between human behaviour and 

sunlight on the north sidewalk of Augusta Avenue in Kensington Market. It was a sunny 

and relatively warm day, as is evident by the melting snow. As the sun moved to the 

west, it pushed the building shadows to the east, past Blackbird Baking Company. As 

the shadow retreated to the east, the line outside the bakery grew, seemingly with the 

advancing sunlight. Hypotheses can be made that attempt to describe what is 

happening: are people more willing to wait in line when sunlight conditions are 

favourable? Are more people willing to wait in line if the other people waiting look like 

they are enjoying themselves? This stop-motion sequence draws attention to the social 

energy of the sun. See Figures 4-19, 4-20, and 4-21. 

Field Date February 6, 2022 

Weather at Start Time -1°C, Sunny 

Start Time 12:42pm EST 

Photo Interval (HH:MM:SS) 0:00:30 

Number Stills in Video 249 

Number of Stills in Print 11 

Duration Captured (HH:MM:SS) 2:04:30 

End Time 2:46pm EST 
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Figure  4-19 Queuing in the Sun in Kensington Market 

 
Note. People waiting in line outside of Blackbird Baking Company in Kensington Market on a 
sunny winter day. Source: Author. 
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Figure  4-20 Queuing in the Sun – Unedited Stills  

 
Note. Unedited stop-motion stills showing the relationship between sunlight and people’s 
willingness to wait in line. Recorded in Kensington Market over a 2h, 4m, and 30s period. 
Source: Author.  
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Figure  4-21 Queuing in the Sun – Black and White Stills 

 
Note. Black and white stop-motion stills showing the relationship between sunlight and people’s 
willingness to wait in line. Recorded in Kensington Market over a 2h, 4m, and 30s period. 
Source: Author.  
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4.2.6 Shadows of Chinatown (Huron Square), February 

Chinatown and Kensington Market have relatively low buildings, especially when 

compared to the adjacent Financial and Entertainment Districts. Due to the smaller 

building massing, the sun is still visible on the ground later in the day. This stop-motion 

video captures the movement of shadows from small buildings, street art, light poles, 

and telephone poles in Chinatown. These features of the urban landscape are unique to 

Toronto. The low building massing in Chinatown, Kensington Market, and other 

neighbourhoods allow for the unique urban fabric to be observed and appreciated 

through the early and late-day shadows they cast. Tall buildings would indiscriminately 

block the nuanced shadows of Toronto’s unique urban form. See Figures 4-22, 4-23, 

and 4-24. 

Field Date February 6, 2022 

Weather at Start Time -1°C, Sunny 

Start Time 3:43pm EST 

Photo Interval (HH:MM:SS) 0:00:30 

Number Stills in Video 60 

Number of Stills in Print 12 

Duration Captured (HH:MM:SS) 0:30:00 

End Time 4:13pm EST 
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Figure  4-22 Chinatown’s Distinct Shadows 

 
Note. Late-day shadows in Chinatown’s Huron Square reflect the unique elements of 
this urban landscape 
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Figure  4-23 Chinatown’s Distinct Shadows – Unedited Stills 

 
Note. Unedited stop-motion stills showing the movement of late-day shadows in Toronto’s 
Chinatown neighbourhood over a thirty-minute period.  Source: Author.  
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Figure  4-24 Chinatown’s Distinct Shadows – Black and White Stills 

 

Note. Black and white stop-motion stills showing the movement of late-day shadows in 
Toronto’s Chinatown neighbourhood over a thirty-minute period. Source: Author.  
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4.2.7 Sunlight and Views in Toronto Dominion Centre, March 

Like the first stop-motion in this series, this video depicts the sun moving through 

two large towers. These towers – designed by Mies van der Rohe – are among the 

most iconic in the study area. Like previous stop motion videos presented, the 

movement of the shadows was visible, revealing the rotation of the Earth – a 

phenomenon that usually goes unnoticed. This stop-motion video also pictures a 

construction project in the distance. In just a few months, this construction project will 

take away not only sunlight from Toronto Dominion (TD) Centre, but it will also eliminate 

the famous views of the CN Tower from this space. TD Bank also appears to be 

financing the new construction project visible in the distance, as is evident by their logo 

at the base of the crane. See Figures 4-25, 4-26, and 4-27. 

Field Date March 3, 2022 

Weather at Start Time -5°C, Sunny 

Start Time 2:38pm EST 

Photo Interval (HH:MM:SS) 0:00:30 

Number Stills in Video 44 

Number of Stills in Print 11 

Duration Captured (HH:MM:SS) 0:22:00 

End Time 3:00pm EST 
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Figure  4-25 Lost Sunlight in TD Centre 

 
Note. A sliver of sunlight sweeps through the TD Centre. A building under construction in 
the distance will soon obstruct the winter sunlight and the iconic views of the CN tower 
from this space. Source: Author.  
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Figure  4-26 Sunlight in TD Centre – Unedited Stills 

 
Note. Unedited stop-motion stills showing the movement of sunlight between buildings in TD 
Centre over a twenty-two-minute period. Source: Author.  
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Figure  4-27 Sunlight in TD Centre – Black and White Stills 

 
Note. Black and white stop-motion stills showing the movement of sunlight between buildings in 
TD Centre over a twenty-two-minute period. Source: Author.  
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4.2.8 Sunlight and Reflections on Roy Thompson Hall, March 

The lower the sun on the horizon, the longer the shadows – and reflections. This 

stop-motion video shows wave after wave of reflected sunlight on Roy Thompson Hall’s 

concrete eastern wall. As the sun lowers in the horizon, the light reflecting off the 

building behind the camera moves up. Despite the observed wall being covered by a 

cantilevered awning, a generous amount of reflected light penetrates this space. Finally, 

at the end of the stop-motion sequence, the sun passes behind a building in the 

distance, and casts a shadow on the building behind the camera. As a result, reflections 

are erased from this space. Nonetheless, a considerable amount of sunlight is reflected 

here – could any of it be harnessed to improve the public realm outside this civic 

institution? Using reflections to enhance the public realm of Toronto will be discussed 

later in this chapter. See Figures 4-28, 4-29, and 4-30. 

Field Date March 3, 2022 

Weather at Start Time -5°C, Sunny 

Start Time 3:15pm EST 

Photo Interval (HH:MM:SS) 0:00:30 

Number Stills in Video 137 

Number of Stills in Print 12 

Duration Captured (HH:MM:SS) 1:08:30 

End Time 4:23pm EST 
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Figure  4-28 Reflections on Roy Thompson Hall 

 
Note. Sunlight reflects from a building behind the camera and onto Roy Thompson Hall’s 
eastern wall. Source: Author.  
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Figure  4-29 Reflections on Roy Thompson Hall – Unedited Stills 

 
Note. Unedited stop-motion stills showing the movement of the sun and its corresponding 
reflections on Roy Thompson Hall over a 1h, 8m and 30 second period. Source: Author.  
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Figure  4-30 Reflections on Roy Thompson Hall – Black and White Stills 

 
Note. Black and white stop-motion stills showing the movement of the sun and its corresponding 
reflections on Roy Thompson Hall over a 1h, 8m and 30 second period. Source: Author.  
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4.2.9 Grange Park I: Tree & Building Shadows, April 

A camera was placed in the cantilevered stairwell on the fifth floor of the Art 

Gallery of Ontario (AGO), looking south onto Grange Park. The resulting stop-motion 

series captured a wealth of interesting human behaviours, and the movement of 

shadows that occurred in this 1.5-hour period. The stop-motion stills pictured here 

illustrate the major differences between the building shade and tree shade in the cooler 

months. As mentioned by Forest and Field (2018, p.8), tree shade is human-scale, and 

sensitive to seasonal environmental conditions, while building shade is “indescriminate 

and unyielding.” Additionally, buildings cast the largest shadows in winter – when the 

sun is lowest on the horizon. This is the time of year when sunlight is most needed in 

public space to improve comfort levels and to help encurage use. In addition to the 

differences in shadows, this stop motion captures people sitting, and even just standing 

around in the the sun. See Figures 4-31, 4-32, and 4-33. 

Field Date April 2, 2022 

Weather at Start Time 5°C, Sunny 

Start Time 10:59am EDT 

Photo Interval (HH:MM:SS) 0:00:15 

Number Stills in Video 360 

Number of Stills in Print 6 

Duration Captured (HH:MM:SS) 1:30:00 

End Time 12:29pm EDT 
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Figure  4-31 Grange Park Tree and Building Shadows in April 

 

Note. Light can pass through a deciduous tree canopy while the tree’s branches are bare 
between late October and early May. Buildings cast a complete and indiscriminate shadow 
when in the path of the sun. Since the sun is lower on the horizon in winter, building shadows 
are longer, despite this being the time of year when sunlight is needed in public space most. 
Source: Author.  
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Figure  4-32 Grange Park Tree and Building Shadows– Unedited Stills 

 
Note. Unedited stop-motion stills showing the movement of shadows in Grange Park over a 1h 
and 30m period. Note the difference between the shadows cast by buildings and by trees. The 
deciduous trees’ leafless canopies let in light during the coolest months of the year. Source: 
Author.  
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Figure  4-33 Grange Park Tree and Building Shadows – Black and White Stills 

 
Note. Black and white stop-motion stills showing the movement of shadows in Grange Park 
over a 1h and 30m period. Source: Author. 
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4.2.10 Grange Park II: Under the Deciduous Trees, April 

Like the previous stop-motion sequence, this was captured in Grange Park too. 

This time, the interval between photos was turned down to one second to capture the 

more nuanced movement of people in the space. Sunbathers are sitting individually, or 

in pairs on the same concrete seating ribbon that was photographed in Figure 4-3 in 

December. All three picnic tables under the deciduous trees are occupied. One picnic 

table may be difficult to see because of its position behind one of the trees. This stop-

motion sequence speaks to the appropriateness of large deciduous trees as tools to 

manipulate sunlight conditions throughout the year. In winter, large deciduous trees let 

light and warmth through their bare canopies. In summer, their leafy canopies provide 

shade to the people and land below. In the spring and fall, more dappled light conditions 

are created as the buds break, or leaves fall. These climatic benefits of trees were also 

discussed by Whyte (1980, p.46), Bosselmann (1990, p. 151-154), as well as Forest 

and Field (2018, p.8).  See Figures 4-34, 4-35, and 4-36. 

Field Date April 2, 2022 

Weather at Start Time 5°C, Sunny 

Start Time 12:47pm EDT 

Photo Interval (HH:MM:SS) 0:00:01 

Number Stills in Video 300 

Number of Stills in Print 8 

Duration Captured (HH:MM:SS) 0:05:00 

End Time 12:52pm EDT 
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Figure  4-34 Under the Deciduous Trees of Grange Park in April 

 
Note. Deciduous trees create favourable sunlight conditions throughout the year. Source: 
Author. 
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Figure  4-35 Under Deciduous Trees in April – Unedited Stills 

 
Note. Unedited stop-motion stills showing how people are using the space under and adjacent 
to large deciduous trees in Grange Park over a five-minute period. Source: Author. 
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Figure  4-36 Under Deciduous Trees in April – Black and White Stills 

 

Note. Black and white stop-motion stills showing how people are using the space under and 
adjacent to large deciduous trees in Grange Park over a five-minute period. Source: Author. 
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4.2.11 Detecting the Rotation of the Earth in Real-Time 

As indicated earlier in this chapter, the rotation of the Earth was detectable in 

real-time without of stop-motion capture techniques. The results in this section used 

Rhino3D and simple geometry calculations to understand how this phenomenon is 

perceived with the unassisted eye. 

In a 24-hour period, the Earth rotates 360º. The number of degrees the Earth 

rotates in a one-minute period can be calculated by dividing this full cycle of rotation 

(360º) by all the minutes of a day (1440). The resulting number is 0.25º. Now, imagine 

two long lines drawn out from the same point over a long distance, one line angled at 

0.25º away from the other, the distance between these two lines would grow as the end 

points extended farther away from the origin point. 

In the case of the first stop-motion presented – where the sunlight swept across 

John Street over a period of eight-minutes – the shadow’s origin, where sunlight met the 

building to from the shadow, was about 156m away. This distance meant that a 0.25º 

change in the angle of the sun relative to those two buildings resulted in a 68cm change 

in the building’s shadow over a one-minute period. This equates to over a 1cm change 

in the buildings shadow per second at the point of observation. By comparison, if the 

point of observation was only a 20m distance from the shadow’s origin, a 0.25º change 

would result in an 8cm change only. Over a one-minute period, an 8cm change is much 

less discernable than a 68cm change. Figure 4-37 outlines the measurements in 

context of a stop-motion still. 
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The measurements between the shadow’s origin and destination was captured 

by calculating the hypotenuse of a triangle using the following formula: c = √(a² + b²). In 

this formula, 

• a represents the distance as measured on Google Maps(n.d.) from the 

shadow’s destination and the base of the building where the shadow 

originated. This value was estimated to be 140m. 

• b represents the height of the shadow’s origin as estimated by counting the 

number of stories of the building and multiplying by 3.33m to get an 

estimated value of 70m. 

• c represents the distance between the shadow’s origin and destination, and 

by using this formula, was calculated to be about 156.5m. 

The change building shadows at one-minute intervals between at 156.5m was 

calculated using Rhino3D. A circle was drawn with a radius of 156.5m, and a line was 

drawn from the centre-point of the circle to the edge of circle. Next, the line was 

duplicated and rotated at a 0.25º, the point at the centre of the circle was fixed, so only 

the point at the edge of the circle moved. The difference between the end points of the 

two lines at the edge of the circle was measured to be 68cm. 

It is unknown to this body of research how fast a shadow must move before it is 

detectable by the human eye. There are likely several other factors that influence this 

including the brightness of the sun, and range in ability to see between individuals. Also, 

the movement of building shadows is only possible when a defined edge between the 
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shadows and direct sunlight is possible. This research shows, at least, that the rotation 

of the Earth is visible to the unassisted eye at the distances measured in this exercise. 

The rotation of the Earth could conceivably be detected anywhere with a similar 

distance between a shadow’s origin and destination exist. Since downtown Toronto, and 

many urban centres around the world are filled with similar tall buildings, opportunities 

to witness the Earth’s rotation are likely common, despite going largely unseen. 
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Figure  4-37 Measuring the Movement of Tall Building Shadows 

 
Note. The taller the building, the longer its shadow. The longer the shadow, the more 
it moves as the angle of the sun changes relative to the building. At 156m from the 

point of origin of the shadow, the edge of the shadow moves 68cm in a one-minute 
(or 0.25º) change in the position of the sun. Source: Author.  
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4.3 Visualizing Phase: Diagramming the Sunpath 

It is common knowledge that the Earth’s orbit around the Sun defines a year, that 

the rotation around its axis defines a day, and that the tilt of the axis defines the 

seasonal changes in day length. Beyond these rules, the path of the sun – or sunpath – 

as perceived on Earth is not broadly understood. For example, suppose someone were 

to photograph the sun from the same point, at the same time every day for a year. Next, 

imagine they layer the images one on top of another. Different from what many people 

would expect, this image of suns would resemble an elongated-eight pattern. This eight-

like feature is referred to as the sun’s analemma. When modeling sunlight conditions, 

the analemma is important because it is used describe and simulate the position of the 

sun at any given time of the year. Figure 4-38 presents a composite image that depicts 

the sun’s analemma over Toronto at 2pm EST at weekly intervals throughout the year. 

Labels are provided for the position of the sun at one-month intervals between the 

solstices. 

The research presented in this section breaks down the sunpath through a series 

of visualizations that help to communicate the way the position of the sun affects how 

humans see and feel on the ground throughout the year. Since the sun moves with 

time, a foundation of understanding for how time and sunlight are related is a 

prerequisite for studying sunlight. 
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Figure  4-38 A Depiction of the Sun’s Analemma Over Toronto 

 
Note. This is a composite image created in the absence of a photograph of the analemma over 
Toronto. The elongated-eight formation is the result of the combination of the Earth’s elliptical 

sunpath around the sun, and of the Earth’s seasonal axil tilt. Source: Author. 
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Unlike during the time of William Atkinson’s research (1912), software and data 

exist today that makes visualizing the sunpath straightforward. It took about two-minutes 

to plot the sunpath for Toronto in Ladybug. Figure 3-39 shows the sunpath generated 

for the study area. Ladybug’s sunpath features a compass and a curved grid that 

resembles a car tire tilted on an axis over the study area. Elongated eights that 

resemble bowling-pins sit perpendicular to the dominant diagonal grid lines. A dark grey 

(x) marks the location of the sun on the sunpath in this image. The time in this image is 

7pm EDT. The date is April 21st. The resulting shadows were created based on the 

position of the sun, and buildings. 

Figure 4-40 shows a section of the sky looking west. The diagonal lines 

represent the solstices and one-month intervals between the solstices, describing the 

position of the sun at different times of year. In this image, it becomes clear that the 

change of the sun’s position speeds up and slows down throughout the year. One 

month on either side the summer solstice, the sunpath is similar to that of the solstice. 

Conversely, one month before or after the equinoxes, the sunpath is significantly 

different than the equinoxes. This graphic is the Toronto equivalent of the sky section of 

Boston by William Atkinson in Figure 2-9 of the literature review. 
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Figure  4-39 The Sunpath Over Toronto – Axonometric Looking South-East 

 
Note. The curved grid over the massing model of the of Toronto represents the sunpath 
generated in Ladybug. The (x) indicates the location of the sun at 7pm EDT on April 21st. The 
sunpath is scaled down to fit over the study area – the actual sun is indeed much farther away. 
Source: Author, using the City of Toronto’s 3D massing model and Ladybug’s sunpath.  
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Figure  4-40 A Section of the Sunpath over Toronto Showing Periods One Month Apart 

 

Note. Looking west. The topmost diagonal line represents the path of the sun during the 
summer solstice on June 21st. The bottommost diagonal line represents the path of the winter 
solstice on December 21st. The diagonal lines in-between are spaced at one-month intervals 
from those key-dates. The sunpaths on February 21st and October 21st, are close, but not 
actually the same, hence why multiple lines appear next to those dates. The same is true for all 
the combine dates listed above. Source: Author, using the City of Toronto’s 3D massing model 
and Ladybug’s sunpath. 
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Figure  4-41 Planview of the Sunpath Over the Study Area  

 
Note. Looking down towards the study area. Only the March and September equinox dates are 
identified, but the parallel lines represent the monthly intervals of the sunpath throughout the 
year. Hours listed are in standard time. Also notice the orientation of the street grid relative to 
the cardinal directions and the sunpath. The 16º to 18º westward tilt of the grid is noticeable. 
Source: Author, using the City of Toronto’s 3D massing model and Ladybug’s sunpath. 
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Figure 4-41 shows a top-down plan diagram of the sunpath and draws attention 

to the analemmas spaced at one-hour intervals. In the Direct Sun Hours analysis, the 

analemmas are used determine the position of the sun during different hours of the 

year. This diagram is also helpful in understanding the change in the direction of the 

sunrises and sunsets throughout the year. In Toronto, around summer solstice, the sun 

rises more towards the north-east, and sets towards the north-west. While around the 

winter solstice, the sun rises in the south-east and sets in towards the south-west. All 

times presented on this diagram are in standard time to allow for an easy comparison of 

time throughout the year.  

Finally, Figure 4-42 shows Toronto’s sun path compared to that of other cities 

around the world. Toronto’s sunpath is shown in grey, while other cities sunpaths are 

represented in other colours. Surprisingly, Toronto’s sunpath is similar to many cities in 

the northern Mediterranean regions of Europe. Florence’s sunpath most closely 

resembles Toronto’s. Copenhagen has longer summer days and shorter winter days 

than Toronto. Resolute Bay in the high Arctic has a sunpath that shows how very low 

the sun is on the horizon. There, the sun never sets in most of the summer months, and 

never rises in most of the winter months. Singapore on the other hand, has a sunpath 

that is directly overhead due to the city’s location near the equator. Melbourne’s sunpath 

is like Toronto’s except in reverse, due to that city’s position in the southern 

hemisphere. 
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Figure  4-42 Toronto’s Sunpath Compared to Other Cities Around the World 

Note. Toronto’s sunpath is in grey. Other cities’ sunpaths are represented in their own colours. 
Source: Author, using the City of Toronto’s 3D massing model and Ladybug’s sunpaths. 
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4.4 Visualizing Phase: Building Massing & Shadow Analysis 

This section continues using the sunpath in Rhino3D/Ladybug to visualize the 

relationship between time and the shadows cast by the city’s built form. The same hour 

of the day, on a different day of the year, can produce sunlight and shadow conditions 

that are drastically different. The following series of diagrams illustrates these 

differences. Note that the shadows from the buildings spill out onto a surrounding flat 

plane in the diagrams below. This is happening because the buildings outside of the 

study area were clipped out of this analysis. In the real world, these shadows would be 

cast onto the surrounding city, not onto a blank slate.   

4.4.1 Building Shadows at Different Times Throughout the Year 

Figure 4-43 illustrates the differences in shadows at 4pm EST on Dec 21st, and 

4pm EST (5pm DST) on Jun 21st. Despite being the same time of day, the sun is 

relatively high in the sky in June, while in December, the sun is low on the horizon, and 

shadows have already consumed much of the city. Figure 4-44 illustrates the 

differences between the shadows at 7am EST on June 21st and on Dec 21st. On June 

21st, since the sun is in the eastern sky by 7am EST (8am EDT), shadows are being 

cast almost immediately west of the buildings. By 7am EST on Dec 21st, the sun has 

not risen, and the city is still blanketed in the darkness of night. 

 

 



 

 

166 

Figure  4-43 Building Shadows in the Study Area at 4pm – Jun 21st vs. Dec 21st 

 
Note. The black (x) indicates the position of the sun. Source: Author, using the City of Toronto’s 
3D massing model and Ladybug’s sunpath. 
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Figure  4-44 Building Shadows in the Study Area at 7am – Jun 21st vs. Dec 21st  

 
Note. The black (x) indicates the position of the sun. There is no black (x) on the Dec 21st 
diagram since the sun has not yet risen. Source: Author, using the City of Toronto’s 3D massing 
model and Ladybug’s sunpath. 
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4.4.2 The Difference a Month Makes… or Not 

The next two diagrams illustrate the differences between building shadows at 

one-month intervals. Conveniently, the dates in both examples are in daylight time. 

Figure 4-45 compares the building shadows at 1pm EDT on June 21st – the summer 

solstice – to the same time on July 21st. Figure 4-46 compares the building shadows for 

1pm EDT on September 21st to the same time on October 21st. In this case, 

September 21st represents the fall equinox. The difference in shadows between the 

June and July dates is barely noticeable at this scale. Upon closer inspection of both 

figures, it evident that the difference in shadows between the fall equinox and one 

month away from the fall equinox is greater than the difference in shadows between the 

summer solstice and one month away from the summer solstice. The same observation 

applies to the shadow conditions around the spring equinox and winter solstice. Recall 

the sunpath diagram presented in Figure 4-40. The sunpath for November 21st is close 

to that of December 21st. However, the sunpath of April 21st is comparably father from 

March 21st. These results align with the findings of Atkinson discussed in the literature 

review (1912, p. 7). Sunlight conditions around the equinoxes are volatile, daylight 

hours change quickly between days and weeks, while sunlight conditions around the 

solstices are more stable and longer lasting. 
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Figure  4-45 Building Shadows in the Study Area at 1pm – Jun 21st vs. Jul 21st 

 
Note. The black (x) indicates the position of the sun. Source: Author, using the City of Toronto’s 
3D massing model and Ladybug’s sunpath. 
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Figure  4-46 Building Shadows in the Study Area at 1pm – Sep 21st vs. Oct 21st   

 
Note. The black (x) indicates the position of the sun. Source: Author, using the City of Toronto’s 
3D massing model and Ladybug’s sunpath. 
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4.4.3 Just a Sampling of Shadow Conditions 

The shadow analysis examples presented in this research show just some of the 

variations in building shadows throughout the day, and year. Note that with this 

approach to shadow analysis, one diagram is needed for each time of the year; to show 

another time, another diagram is required. This has its drawbacks, as the amount of 

information conveyed per diagram is limited. The challenge of showing multiple 

shadows for multiple times in a single diagram was remarked on over a century ago by 

William Atkinson (1912, p. 31). His work demonstrated, however, that the challenge is 

not insurmountable. Today, many approaches to aggregating sunlight and shadow 

conditions exist, though they are not widespread in practice. Shadow diagrams for a 

single time of day are still the norm. The next section seeks to address the issue of 

aggregating sunlight data over a longer period in a single diagram.  
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4.5 Visualizing Phase: Sunlight Maps 

The shadow analysis presented in the previous section described how the built 

form and sunpath affect the sun conditions for a given time in the year (e.g. September 

21st at 12:00pm). This is useful information if sun and shadow studies are only needed 

for a few points of the year. One of the main issues with this approach is that the sun 

and shadow conditions are dynamic and constantly shifting. This means the sunlight 

conditions at a few points throughout the year represent only a brief instance of the 

sunlight conditions throughout the year. A more holistic approach would be to aggregate 

sunlight conditions across a longer duration. Thankfully, Rhino3D/Ladybug has an 

approach to do this: the Direct Sun Hours analysis. 

This section provides the results of the Direct Sun Hours analysis done in 

Rhino3D/Grasshopper/Ladybug. The results were used to produce sunlight maps for 

the study area across two time periods: the dark season and the bright season. This 

analysis could have divided up the year into any number of time periods, however this 

research kept things simple by breaking up the year into the two periods, with each 

period centred on the extremes of the sunpath. The dark season maps aggregate the 

direct sun hours between September 21st and March 20th, dates which roughly co-

respond with the beginning of fall and the end of winter. This is the time of the year 

when the sun is lowest on the horizon, and when the nights are longer than the days. 

The bright season maps aggregate the direct sun hours between March 21st and 

September 20th, dates roughly corresponding with the beginning of spring and the end 

summer. This is the time of year where the sun is highest on the horizon, and when the 
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days are longer than the nights. Due to the difference in the sunpath between these two 

time periods, the results for each period are substantially different despite having study 

periods of equal lengths. See Figure 4-47 for a graphic summary of these two periods of 

analysis. 

Table 4-1 illustrates the number of daylight hours within the two periods of the 

year considered in this analysis. Non-leap years have 8,760 hours, meaning each of the 

two analysis periods represents a total of 4,380 hours, including day and night. In the 

bright season, 59.7% of that time period is in daylight, while in the dark season, only 

42.2% of that period is daylight. Interestingly, if totaled up, the daylight hours across the 

year are greater than half of the number of hours in a year (Sunrise/Sunset Calculator, 

n.d.). This is because the refraction – or bending – of light in the Earth’s atmosphere 

causes the sun to appear earlier and set later, making the days slightly longer than the 

nights everywhere on Earth, throughout the year. 
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Figure  4-47 Toronto’s Sunpath Divided into the Dark Season & Bright Season 

 

 
 

Note. The Direct Sun Analysis in Rhino3D/Ladybug was used to create two sunlight maps; one 
for the bright season (Mar 21st to Sep 20th), and one for the dark season (Sep 21st to Mar 
20th). Source: Author, using the City of Toronto’s 3D massing model and Ladybug’s sunpath. 
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Table 4-1 Number of Daylight Hours in Each Analysis Period 

Analysis 
Period Dates Hours in 

Period 
Daylight Hours* 
in Period 

Percent of 
Period in 
Daylight 

Dark Season Sep 21 to 
Mar 20 4,380 1,847 42.2% 

Bright Season Mar 21 to 
Sep 20 4,380 2,613 59.7% 

Whole Year Whole Year 8,760 4,460 50.9% 

Note. *Daylight hours is calculated as time between sunrise and sunset. Data Source: 
(Sunrise/Sunset Calculator, n.d.) 
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4.5.1 Dark Season and Bright Season Sunlight Maps 

Figure 4-48 represents the sunlight map for the dark season, and figure 4-49 

represents the sunlight map for the bright season. The sunlight map for the bright 

season features more yellow, meaning there is more sunlight on the ground. The 

sunlight map for the dark season features more purple and deep pink, which means 

there is less sun on the ground. Both maps use the same legend values to allow for a 

standardized comparison between the two. Additionally, the legend presents two 

measures to describe the colours on the map. The first measure is the aggregated 

direct sun hours for the entire six-month period, which is the default output of the 

Rhino3D/Ladybug Direct Sun Hours analysis. Second is the average direct sun hours 

per day in that six-month period, a number that is much easier to comprehend. 

Together, these two aggregated maps illustrate the sunlight conditions throughout the 

year. 

In the sunlight map for the dark season, the streets and public spaces of the 

Entertainment District and Financial District are much less sunny than the streets of 

public spaces such as Kensington Market and Chinatown. Grange Park, just south of 

the Art Gallery of Ontario, is the largest parcel of sun that exists in this area, followed by 

Bellevue Square in Kensington. The north sidewalks of Queen Street and Dundas 

Street, and really all the east-west streets with low-building massing, receive more sun 

than the south-sidewalks. The east-west streets with large building massing, like King 

Street, Richmond Street, and Adelaide Street, experience shadows on both the north 

and south sidewalks, with a few, notable exceptions. The intersections of King and 
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Spadina, Adelaide and Spadina, Richmond and Spadina, Richmond and Peter, and 

King and Simcoe receive more sunlight than their surrounding segments. For the north-

south streets, Spadina Avenue receives more sun than other north-south thoroughfares 

like University Avenue, Bay Street, or Yonge Street. While this is partially due to 

Spadina Avenue’s width (although University Avenue is wider), it is also due to Spadina 

Avenue’s low building massing. University Avenue has notable sunny spots at Queen 

Street, and at Gerrard Street. Nathan Phillips Square, Berczy Park, X University’s 

courtyard – and the surface parking lots north of the former Toronto Coach Terminal, 

are also patches of dark-season sunlight worth noting. 

The same spots that were sunny in the dark-season maps, are even sunnier 

during the bright season. Grange Park, Nathan Philips Square, and the streets of 

Chinatown, Kensington Market, and Baldwin Village are all very sunny in the bright 

season. The streets of the Financial and Entertainment districts are still relatively dark in 

the bright season, though more sunlight penetrates these areas compared than during 

the dark season. East-west intersections along the north-south streets are sunnier than 

the mid-block sections of the street. This pattern is most obvious on Spadina Avenue, 

but can also be seen on University Avenue, Bay Street, Yonge Street, and the smaller 

streets in Baldwin Village and the Entertainment District. This pattern makes sense 

because intersections break up the building massing of the city, but this phenomenon is 

less true in the dark season, since for much of winter, the sunpath does not move north 

of Toronto’s east-west streets. These patterns pertaining to sunlight and street 

orientations were also described by Peter Bosselmann in Sun, wind, and pedestrian 

comfort: a study of Toronto’s Central Area (1990, p.20-21). 
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The sunlight maps for both the dark and bright season communicate a great deal 

of information about sunlight conditions and the city’s built form. A whole thesis could be 

written about the details of these patterns. The intent of this mapping exercise was not 

to talk about the patterns in detail, but rather to highlight that a map of sunlight 

conditions on the ground can be created with technology and data that is commonly 

available. In addition, this thesis demonstrates was in which sunlight maps can be used 

as a decision-making tool. These sunlight maps can be used to identify the remnant 

parcels of sunlight, and the locations with less favourable sunlight conditions. Once 

planners, landscape architects, and architects know where opportunities exist, they can 

design for them.  
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Figure  4-48 Direct Sun Hours for the Dark Season – Sep 21st to March 20th  

 

 
Note. Source: Author, using the City of Toronto’s 3D massing model and Ladybug’s Direct Sun 
Hours analysis and sunpath. Source: Author. 
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Figure  4-49 Direct Sun Hours for the Bright Season – Mar 21st to Sep 20th 

 

 
Note. Source: Author, using the City of Toronto’s 3D massing model and Ladybug’s Direct Sun 
Hours analysis and sunpath.  
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4.6 Planning and Design Phase: Expanding Public Space 

This research has demonstrated a fundamental relationship between pubic life 

and sunlight. From September to May, when air temperatures are cool, sunlight makes 

public space more comfortable. In the dark season, people use space differently if it is 

in the sun versus in the shadows. Figure 4-50 shows the map of sunlight conditions 

during the dark season and identifies where people were sitting as observed on 

December 12th and 13th. People chose to sit in the areas that received the most sun, 

for example, along Spadina Avenue, and in Grange Park. People were sitting in places 

where no official seating was provided. A couple even just sat down in a parcel of sun 

on the sidewalk. Tactical urbanism projects on King Street – sometimes just one block 

away from where people were observed sitting in the sun – were empty. Why? Because 

those seats were in shadows. During the coldest months of the year, much of the 

seating provided on King Street is too shady, and likely too windy, to be comfortable for 

people to sit and enjoy. In addition, more people were observed dining, shopping, and 

sometimes just standing around in the sun versus in the shade. People want to be in the 

sun, in the coldest and darkest months of the year. For this reason, plans to expand and 

intensify public space in the remaining patches of winter sun should be encouraged. To 

address the sunlight conditions in the bright season, a canopy of large deciduous trees 

should be established. Deciduous trees regulate microclimate conditions throughout the 

year, corresponding perfectly with human needs.  
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Figure  4-50 Dark Season Sunlight Maps Pointing to Where People Were Observed Sitting 

 
Note. In winter, people prefer to be in areas in sunshine than areas in shadow. Source: Author. 
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4.6.1 Existing Public Space 

Before considering areas to expand or intensify public space, existing public 

space should be considered. Figure 4-51 outlines many of the existing parks, plazas, 

and enhanced streetscapes in Toronto’s core with the sunlight conditions they 

experience in the darkest and coldest half of the year. The two largest public spaces are 

Nathan Phillips Square, the site of Toronto’s City Hall, and Grange Park, just south of 

the AGO. Despite its smaller size, Grange Park receives more sunlight in this period 

than Nathan Philips Square, due to the massing of the buildings that surround each 

park. Other large public spaces in the study area are College Park and Metro Hall. 

These areas are relatively dark, except for their northern perimeters. College Park has a 

skating-rink and is well lit at night, helping attract users in the dark of winter. Metro 

Hall’s public square was relatively empty at the times of observation. Yonge-Dundas 

Square is another notable public space in the study area. Known for its 24/7 flashy bill-

boards advertisements and its proximity to the Eaton’s Centre shopping mall Belleview 

Park, Berczy Park, and Clarence Square are also found on the edges of the study area, 

these three parks have more favourable sunlight conditions than their surroundings. The 

last space to mention is the segment of Queen Street just east of Spadina Avenue; the 

north sidewalk is wider than the sidewalks elsewhere in the city, contributing to the 

sunnier conditions experienced on the ground.  
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Figure  4-51 Existing Public Space in Context of the Dark Season Sunlight Maps 

 
Note.  Dashed lines represent existing public space. Solid lines represent opportunities to 
expand and intensity public space. Source: Author.  
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4.6.2 Potential for Expanded or Intensified Public Space 

After existing public spaces are identified on the dark season sunlight map, the 

next step is to identify opportunities to expand and intensify public space in favourable 

sunlight conditions. Figure 4-52 identifies the remnant patches of dark season sun, and 

the following paragraphs describes how public life can be better designed for in these 

spaces. This site-selection exercise demonstrates the potential for using sunlight maps 

to determine public space interventions; sunlight maps can be a decision-making tool 

for planners, designers, policy makers, and politicians. The sites identified below 

represent some of the best opportunities for making use of sun in the study area. 
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Figure  4-52 Opportunities for Public Space in Favourable Sunlight Conditions 

 

Note. Dashed lines represent existing public space. Solid lines represent opportunities to 
expand and intensity public space. Source: Author.  



 

 

187 

4.6.2.1 Spadina Avenue Streetscape 

Spadina represents the longest continuous stretch of sunlight in the study area. 

The sun is not as long-lasting along Spadina as it is in Grange Park, but due to the 

surface-level streetcar line, and the diversity and volume of street-level businesses, 

Spadina Avenue is a vibrant destination. Public realm-enhancements to Spadina 

Avenue’s streetscape could make better use of its advantageous sunlight conditions in 

the dark season. Added seating, and the establishment of a year-round patio culture 

along Spadina Avenue, could be some of the design strategies employed in such an 

enhanced streetscape. 

4.6.2.2 University Avenue Streetscape 

University Avenue is often recognized as being Toronto’s main boulevard. This 

research suggests that Spadina Avenue is a better candidate for that title, at least as a 

street for pedestrians, since sunlight conditions are more favourable there. Nonetheless, 

University Avenue has its advantages. It is the widest street of any in the study area. 

Although the buildings that border the street are large, the sunlight conditions along 

much of University Avenue are still favourable, especially areas between Dundas and 

Queen Streets. Another benefit of a University Avenue Streetscape enhancement is that 

it already has momentum; the Toronto-based firm, Public Work has beautifully 

reimagined what University Avenue could look like (Bozikovic, 2020).  



 

 

188 

4.6.2.3 Laneways & Parking Lots of Kensington, Baldwin & Grange Villages 

The parking lots and laneways of Kensington Market, Baldwin Village, and 

Grange Village receive the longest duration of direct sunlight in the study area that is 

not currently within the public realm. Unlike Spadina Avenue, these parcels are 

distributed, not continuous, but together they could be developed into a network of 

interesting public spaces. Large surface-level parking lots exist in Baldwin Village. Most 

are in private ownership, presenting unique design challenges, but also opportunities. 

There is potential to work with neighbours to animate these spaces, building on the 

character of these interesting neighbourhoods. 

4.6.2.4 Parking Lots North of the Toronto Coach Terminal 

The Toronto Coach Terminal buildings are relatively low. As a result, the surface-

level parking lots to the north have more favourable sunlight conditions than 

surrounding areas. This may not be the case in the future, as the City of Toronto is set 

to redevelop the Toronto Coach Terminal properties (Graziani & White, 2022). Due to 

the large property parcels, high-rise buildings are likely under consideration for the site. 

Nonetheless, thoughtfully designed high rises could be constructed to preserve sunlight 

conditions in this area.  
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4.6.2.5 X University Courtyard 

X University – formerly known as Ryerson University — is amid an identity shift 

as it seeks to build a culture of inclusion (CBC News, 2021). One way that X University 

could build a connection with the communities around it is by broadening access to its 

main courtyard. X University’s courtyard is home to one of the largest parcels of sunlight 

in the dark season, and since this area is enclosed, the space is likely protected from 

the wind. Thermal comfort is more achievable here than in surrounding areas. The 

university could take advantage of this space with favourable sunlight conditions by 

incorporating more programing opportunities for the broader community. 

4.6.2.6 Remnant Patches of Sun in the Entertainment District 

In the Entertainment district, there are two notable patches of sunlight highlighted 

in Figure 4-52. These include the intersection of King Street and Simcoe Street, and the 

intersection of Richmond Street and Peter Street. Sunlight in the Entertainment District 

is in decline because of the rapid rate of high-rise construction in the area. Sunlight in 

these areas may exist during a small window of time each day, so it is important to note 

when the sunlight reaches these locations and plan for activities that make use of the 

limited sun. For example, if sunlight made landfall at that location only between 11:00 

am and 1:00 pm in the winter months, a lunch-focused food-market would be a good 

activity for the site.  
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4.6.2.7 RendezViews Pop-up Patio 

The final noteworthy patch of sun is a parking lot located on Richmond Street, 

west of Duncan Street, in the Entertainment district. During the summer of 2021, local 

business owners, creative directors, artists, and large corporate sponsors came 

together to create a pop-up patio known as “RendezViews.” This pop-up patio was well 

attended during its first year of operation, and event organizers hope to repeat the 

success in the summer of 2022 (RendezViews, n.d.). In addition to having greater solar 

access than the surrounding neighbourhoods, RendezViews offered unobstructed views 

of the CN Tower, likely contributing to the success of the space. Creating access to 

sunlight and preserving place-making vistas may be goals that overlap — which a future 

study can explore. Making the most of outdoor urban space with favourable sunlight 

conditions is not just in the purview of the public sector; RendezViews shows that 

landlords, property managers, and street-level retailers also stand to benefit from 

enhancing public space. Planners would benefit from a study that attempts to quantify 

the economic benefits of greater public access to sunlight in commercial areas. 
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4.6.3 Trouble Zones: Opportunities for Heliostats & Reflections 

As this planning exercise has demonstrated, there are several locations in 

Toronto’s core where public space could be expanded to take advantage of favourable 

sunlight conditions. Most of the opportunities are in the north and west sections of the 

study area. The Financial District and much of the Entertainment District represents a 

large area in Toronto’s core with much less favourable sunlight conditions because 

large towers with tall podiums block much of sun’s light and warmth from reaching street 

level. Toronto’s underground PATH system has mitigated the uncomfortable pedestrian 

experience on the ground, but it keeps people indoors and away from all the benefits of 

being outside. The lack of sunlight that the Direct Sun Hours maps shows in these parts 

of Toronto corroborates Bosselmann et al.’s statement about the streets of the Financial 

District being rarely comfortable (1995, p.232). 

Due to the lack of direct sun in the Financial and Entertainment districts, the only 

way to create favourable sunlight conditions here – without tearing down buildings – is 

to strategically harness reflections. Today, building reflections are already contributing 

to this space, but they are uncontrolled and move with the sun – changing the 

surrounding environment accidentally. Figure 4-53 shows areas inside a yellow shape 

that could benefit from sun-tracking heliostats such as the ones used in Teardrop Park 

in New York City. More studies need to be done on the feasibility of using heliostats in 

Toronto, but this exercise identifies where they would have the greatest impact.  
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Figure  4-53 Darkest Areas of the Study Area in the Dark Season would Benefit from the 
Purposeful Addition of Reflected Sunlight  

 
Note. Areas inside the yellow shape represent opportunities to use heliostats to illuminate and 
enliven dark space. Source: Author.  

 

 



 

 

193 

4.7 Planning and Design Phase: Key Takeaways & 

Recommendations 

The following sections outline the key takeaways of this research and provide a 

recommendation for each. The key takeaways were created by synthesizing the results 

previously presented. Relevant insights from the Literature Review chapter were also 

incorporated into the key takeaways to strengthen the findings of this research with 

previous studies on the topic. A summary of the recommendations are presented in the 

Conclusion chapter.  
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4.7.1 Key Takeaway 1: Public Life Responds to Sunlight 

For at least 8 months of the year (September to May), the temperatures in 

Toronto are cool enough that sunshine boosts comfort levels outdoors. This is 

especially true in winter, when high volumes of people were observed on the streets 

and in the parks that received sunshine. In the places affected by overshadowing, 

people were markedly absent. 

 Photographs and stop-motions of people shopping, sitting, and just standing in 

the sun were recorded throughout the study area between November and April 2022. 

These observations are consistent with Bosselmann et al.’s statement that Toronto can 

have “comfortable streets year-round,” and that many streets in Toronto’s inner city are 

“in fact comfortable” already (1995, p.232). These findings are also consistent with 

Whyte’s observation that sunlight is a driving factor for public life in New York City until 

June, when the air temperatures became warm enough for people to feel comfortable 

outside without the sun (1980, p.40). On the hottest days of summer, people may be 

drawn to shade, but for most of the year it seems people want the sun when they are in 

public space.  

Recommendation: Expand and intensify public space especially in winter’s sunlight. 

This can be done using a site-selection approach as demonstrated with the dark season 

sunlight maps in the previous section of this research.   
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4.7.2  Takeaway 2: Deciduous Trees Sensitively Regulate Sunlight 

Deciduous trees, such as oaks, maples, lindens, honey locusts, and cherries, 

lose their leaves. As a result, the streets and parks below their canopies receive 

sunlight in winter – when it is needed most. In summer, when sunlight intensifies, the 

leafed-out tree canopies provide shade to the urban landscape. Deciduous trees are 

therefore the perfect tool for managing and manipulating sunlight conditions in line with 

human needs throughout the year. Stop-motion video recordings showed that people 

use seating under deciduous trees in winter, and those same seats will be in the shade 

in summer, providing comfortable conditions year-round. Bosselmann and Whyte both 

recommended using street trees to regulate localized climate conditions too (1990, 

p.151-154; 1980, p. 46). 

Establishing large deciduous trees in the urban landscape may seem like a 

difficult task, especially when so many newly planted street trees become street stumps 

after a couple of growing seasons. However, many cities around the world have figured 

out how to grow large deciduous tree canopies in tight-urban environments, and 

Toronto can too. Indeed, Toronto already has many residential streets that are lined 

with large deciduous trees. Those trees should be managed and cared for longevity, 

and the deciduous tree canopy should be expanded across the city more broadly. 

Recommendation: Figure out how to establish a canopy of large deciduous trees to 

sensitively manage sunlight – and therefore microclimate conditions – throughout the 

year, in line with human needs. 
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4.7.3 Key Takeaway 3: Shopping Streets Benefit from Winter Sunlight Access 

This research featured photographs and stop-motions that captured public life on 

some of Toronto’s most recognizable shopping streets, including on Spadina Avenue, 

Queen Street West, and Baldwin Street in Kensington Market. These streets are lined 

with independent retail businesses – many of which are family-owned. Pedestrian-

oriented shopping streets like these are the lifeblood of Toronto, and these streets play 

a central role in developing community in the neighbourhoods that surround them too.  

The City of Toronto intentions Midrise Strategy poses a significant threat to these 

neighbourhoods. While Toronto’s housing stock would benefit from the added density of 

midrise buildings, replacing the built form and public life of Toronto’s main shopping 

streets is not the way to do it. The Midrise Strategy guidelines were based on 

Bosselmann’s recommendation to preserve sun access at the equinoxes only. This led 

Toronto to preserve sunlight only between March 21st and September 21st (1990, p. 2, 

103). If this midrise strategy comes to fruition over the years, many segments of 

Toronto’s avenues will lose access to winter sun altogether.  

Recommendation: Winter sun is an important part of the everyday experience in 

Toronto’s human scale neighbourhoods, and winter sunlight should be preserved in key 

areas, like pedestrian-oriented shopping streets. This recommendation is at odds with 

the City of Toronto’s current Midrise Strategy and TO Core plan, but Toronto’s human-

scale neighbourhoods are too important to lose. Winter sunlight studies should also be 

done with a year-round CaféTO outdoor patio program in mind. Winterized patios would 

benefit from the added warmth of direct sunlight. 
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4.7.4 Key Takeaway 4: Reflections Enliven Dark Spaces 

On sunny days throughout the year, sunlight is scattered all over Toronto’s 

downtown core thanks to the abundance of glass in the study area. Winter sunlight can 

be reflected from buildings on the north side of a street to the sidewalk on the south side 

of the street – an area that would otherwise escape the path of the sun. The chemical 

composition of some glass results in reflections of different colours and stop-motion 

videos documented pink, gold, and white reflections. More colours were seen but not 

documented. In some instances, multiple reflections and direct sunlight converged on 

the ground, intensifying the light and warmth at that point compared to surrounding 

areas. Reflections in the study area seem largely unintentional, and they are ephemeral. 

A new construction project can take away sunlight – and therefore reflection potential – 

away from a building. The pink reflections emanating from the TIFF Lightbox will be lost 

when the building being constructed just to the south robs it of the sun. Nonetheless, 

opportunities to harness and control reflections in the urban landscape remain. The 

heliostats of Teardrop Park and the architectural forms employed in the No Shadow 

Tower are opportunities that Toronto should explore.   

Recommendation: Consider the careful use of architectural form and heliostats to 

reflect sunlight to enliven dark spaces. Solar rights should also be explored. If a 

developer chooses to invest in the public realm through refleced sunlight, they should 

be legally secured of their investment. Jurisdictions across North America are exploring 

the idea of solar rights and Ontario should learn from those examples (Alizadeh, 2017; 

Bowden, 1985). 
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4.7.5 Key Takeaway 5: Sunlight is a Source of Beauty and Social Energy 

If sunlight is considered in public space at all, it is usually in the context of its 

positive or negative effects on thermal comfort. This limited view of the value of sunlight 

must be expanded. Sunlight in public space should also be valued for its contributions 

to visual aesthetics, and social energy. The stop-motions and photos captured the 

movement of sunlight, shadows, reflections, and people, each providing a narrative on 

how sunlight enhances the beauty and attractiveness of the city. Human-scale shadows 

highlight a city’s unique forms, and their movement was sometimes visible with the 

unassisted eye, revealing the rotation of the Earth – a deeply moving phenomenon that 

usually goes unseen. Reflections bring light to dark places, creating effects similar to 

the aurora borealis or a spinning a gem under a spotlight. Direct sunlight provides 

unmatched beauty in the urban landscape and enhances the perception of form and 

colour, as was demonstrated by Fig XX featuring red twig dogwoods and honey locust 

trees. Lastly, these stop motions and photos validated Alexander’s claim that sunlight 

can be a “communal affair” (1977, p.759). On sunny days in the cool season, people 

soaked up the sun together in public space. This leads to more serendipitous 

interactions between acquaintances and strangers alike, building community.  

Recommendation: Recognize the role of sunlight in adding beauty, meaning, 

character, and a social energy to Toronto’s urban landscape. 
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4.7.6 Key Takeaway 6: Toronto’s Fast Changing Built Form is Killing Public Life 

Toronto is intensifying quickly, and the city’s core is ground zero for 

development. The threat of Toronto’s rapid development was captured in the stop-

motion stills that showed cranes in the sunpath (see Figure 4-45). Some patches of 

sunlight documented in this research may soon be lost, and once they are lost, they 

may be lost forever. A strategy to plan for year-round sunlight access in key areas is 

needed. Due to the high-cost of real-estate, and pandemic-related changes in lifestyle 

and commuter behaviour, Toronto is currently seeing more residential units added to 

the city’s housing stock than there are people moving to the city (Toronto City Planning, 

2021, p. 12, 2022, p. 1). This may or may not be a temporary phenomenon, but this 

slowdown in growth presents an opportunity to pause and ask: what kind of housing 

stock does the city want to offer? Does Toronto want to be a city where the predominant 

option to expand housing is through large format, high- and mid-rise towers that 

overshadow the city below? This is an option that would allocate sunlight access to 

private offices and condominiums. Or should the city be focussing on a less invasive 

built form that enhances the public realm and allows for a more democratic distribution 

of sunlight? This research does not dismiss high-rise living outright; towers are a part of 

city living, but there are ways to design them to limit interference on the public realm, as 

both Ferriss and Bosselmann have demonstrated (1929; 1990, 1995). 

Recommendation: Move quickly to protect, expand, and intensify public space in 

favourable sunlight conditions, and prioritize changes to the city’s built form that foster, 

not sterilize the city’s public life. 
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Figure  4-54 The Rapid Pace of High-Rise Construction in Toronto is Leading 
to the Rapid Loss of Sunlight on Ground Level 

 
Note.  In addition to the declining sunlight conditions, the rapid pace of high-rise 

construction is also leading to the loss of vistas – including of the CN Tower – thus 
contributing to the loss of Toronto’s civic identity. Source: Author.   
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5 Discussion 

This chapter serves two main purposes. First, to evaluate the research approach, 

by giving an overview of the limitations, and the opportunities for future research. 

Second, to articulate how this research weaves into bigger conversations in landscape 

architecture, and the related design fields of architecture, urban design, and planning. 

5.1 Evaluating the Research Approach 

The methods of this research paper included photo-walks, stop-motion captures, 

a sunpath analysis, and sunlight maps. The first two methods were done on the ground 

in the study area and captured the human-scale experience. The latter two methods 

were done using the Rhino3D/Grasshopper software ecosystem to achieve more of a 

top-down approach in understanding sunlight conditions throughout the year. All these 

methods produced results that were highly visual, allowing for a nuanced analysis of 

how sunlight move through Toronto’s Core, and what is happening where it is – and is 

not – making landfall.  

5.1.1 Limitations & Opportunities for Future Research 

A notable limitation of this research is that the photographs and the stop-motion 

sequences incorporated data for a five-month period between early November 2021, 

and early April 2022. Since the sun follows annual rhythms, data for the remaining 

seven months of the year would be required to fully document the on-the-ground human 
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experience of sunlight in Toronto’s core. Future research on this topic should document 

experiences across the entire year.  

The sunpath is only one variable that is influenced by time; another variable in 

flux is Toronto’s built form. Unlike the sunpath, Toronto’s built form does not follow 

seasonal cycles. Once a change is made to the urban fabric, that change normally has 

a near-permanent impact. When a large building is constructed, the sunlight it takes 

away from the street is gone unless and until that building comes down.  

The city’s built form at the time of observation influenced all the findings of this 

research. The photographs and stop-motions pictured sunlight that pieced through 

buildings onto the street and into parks. Three of the ten stop-motions showcased 

construction cranes in the path of the sunlight. As you read these sentences, some of 

the sunlight documented in this research may already be lost.  

Toronto’s built form also impacted the findings of the Direct Sun Hours analysis 

done in Rhino3D/Ladybug. The Direct Sun Hours analysis – used to produce the 

sunlight maps – measured the sunlight that passed through the city’s built form and 

landed on the ground plane. The built form used in this analysis was the City of 

Toronto’s 3D building massing model. The model was accessed through the City’s 

Open Data Portal; it is the same 3D massing model that developers and planners use to 

perform sun/shadow studies for new building projects. The massing model was last 

updated in November 2021, and is likely already out of date due to the rapid changes in 

Toronto’s built form. If the same research is done with the next iteration of the 3D 

massing model, the sunlight found to reach the ground will surely be less. Sunlight 
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maps done annually over a multi-year period could also be used to measure and track 

the changing sunlight conditions on the ground through the years. Using both past and 

future 3D Massing models may paint a bleak picture of sunlight loss in Toronto’s public 

spaces and drive home the importance of urgently incorporating sunlight considerations 

into city planning procedures. 

Maintaining up-to-date sunlight maps could be valuable for the private sector as 

well. Real-estate investors, small-business operators, and even just everyday people 

looking for spaces with good solar access may seek out information contained in these 

maps. Market forces, like people, are probably also responsive to sunlight. Given the 

proper resources – for example, sunlight maps – market forces may also be leveraged 

to produce a built form that favours sunlight in public space.  

In addition to using Rhino3D/Ladybug to measure sunlight conditions, the 

software ecosystem can also be used for design purposes. As described by Knowles 

and Capeluto & Shaviv, solar envelopes can be created for all development parcels, 

and Capeluto & Plotnikov describe a process for how this can be done parametrically in 

Rhino3D/Ladybug (1981; 2001; 2017). Since the software exists for solar-envelopes to 

be generated with just a few input fields, solar envelopes can easily be generated for 

entire districts of the city at one time. Toronto should explore the possibility of using 

these tools because they would allow for broad-strokes, but appropriately nuanced, 

development rules to be applied to large areas of the city. 

Toronto’s constantly evolving built form means that all the findings related to the 

sunlight conditions on the ground have limited applications in long-term without being 
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updated every few years. The findings related to human behaviour and experiences in 

those moments of sunlight can, however, be projected into the future. Despite a 

changing built form, people in Toronto will continue to be lured into the sun during 

cooler temperatures and drawn to shade during hotter temperatures. Sunlight will 

continue influence people’s comfort and behaviour due to the city’s seasonally variable 

climate. 

5.1.2 Biased, Yet Serendipitous Results 

While timing and subjects of the photographs and stop-motions captured and 

shared in this research paper were dependent on the discretion and personal 

experience of the author, the interactions involving the people recorded were genuine 

and were going to happen whether they were captured in this research or not. What 

was captured and recorded represents only a fraction of all the interactions between 

sunlight, the built form, and public life that happened on those days of observation. 

Hundreds of thousands, if not millions of interactions were happening in parallel to this 

research and were not documented. The fact that so many moments of public life were 

undocumented in this research may serve to counter-act the bias of the researcher in 

selecting for these moments to capture. 

5.1.3 Suggestions for Toronto’s New Thermal Comfort Strategy 

Another opportunity for future research is to use the Rhino3D/Ladybug 

ecosystem to forecast other influences on thermal comfort including air temperature, 

wind, and humidity. The City of Toronto is currently developing a thermal comfort 



 

 

205 

strategy, but it is unclear what software solutions will be used for the environmental 

forecasting. The new thermal comfort strategy will be a revision of the Bosselmann 

study of the 1990s, and will go-on to inform city policy for the next generation of city 

building, like the Bosselmann study informed the last. This research paper makes the 

following suggestions for Toronto’s new thermal comfort strategy to consider: 

Another opportunity for future research is to use the Rhino3D/Ladybug 

ecosystem to analyse other influences on thermal comfort such as air temperature, 

wind, and humidity. The City of Toronto is currently developing a thermal comfort 

strategy, but it is unclear what software solutions will be used for this kind of 

environmental analysis. The new thermal comfort strategy will be a revision of the 

Bosselmann study of the 1990s, and will go on to inform city policy for the next 

generation of city building. This research paper makes the following suggestions for 

Toronto’s new thermal comfort strategy to consider: 

 

1. Recognize the ability of sunlight to improve thermal comfort conditions during 

the coldest part of the year – winter. Toronto’s policy has largely disregarded 

the value winter sunlight to date, likely because of Bosselmann’s 

recommendation to protect sunlight in spring and fall only. The application of 

Bosselmann’s claim that winter’s sun “frequently [does] not provide sufficient 

radiation to compensate for cold air temperatures and wind” has been 

overbroad (Bosselmann et al., 1990, p. 103). Bosselmann observed that 

sunlight does not always result in thermally tolerable conditions in winter, but 
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it is not true that sunlight has no role to play in winter at all. This research 

shows that on sunny days between November and April 2022 the streets and 

parks that received favourable sunlight conditions were much busier than the 

streets and parks that were blanketed by shadows. Sunlight in winter has a 

definite, positive impact on public life in Toronto. Toronto cannot escape the 

reality of winter. As described by Wayne Davies, better designing our 

communities around the light and warmth of the sun will help to ensure that 

“winter is better coped with and celebrated, not just endured” (2015, p. 281, 

297, 307). 

2. Acknowledge the value of a canopy of large deciduous trees that sensitively 

regulate sunlight conditions throughout the year in accordance with human 

needs and create such a tree canopy. Since Toronto seems to have such 

trouble establishing new trees, this study should also provide case studies on 

how growing a large, urban tree canopy in the city landscape can be 

achieved. 

3. Highlight the potential for sun-tracking heliostats and architectural forms to 

redirect sunlight onto the ground. As Teardrop Park, and the No Shadow 

Tower have demonstrated, enhancing local microclimate conditions in a 

predictable and controllable way is possible.  
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5.2 The Bigger Picture 

This section of the discussion considers the research findings relative to the 

bigger picture. The term “bigger picture” is vague, yet it is a term embraced by the 

design fields to find meaning in work.    

5.2.1 Observe Slow 

In landscape architecture, land is a medium of the work. The processes of the 

land happen at a much longer timescale compared to the human ability to manipulate it. 

For this reason, it is important to take the time to understand larger environmental 

systems before intervening. Slow observation techniques are a necessary part of the 

pre-design phases of project development. If the slow-moving processes of the land are 

not adequately considered in a design, the built project will fail.  

Luckily, the sunlight regime on Earth occurs in predicable cycles – years. To be 

able to design with the sun, one must experience it throughout the year. However, most 

landscape architecture projects do not provide enough time to experience the sun first-

hand every day for a year. However, computer-based modeling can be used to fill this 

gap. In a case where computer-based modeling is used, models should always be 

validated and supported by the lived-experience on the ground.  

In this research, Rhjino3D/Ladybug modelling yielded sunlight maps, which 

suggested a relationship between sun and the presence or absence of public life in 

certain areas. The photographs and stop-motion sequences in this research, confirmed 
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the key relationship between sunlight and public life on the ground. Together these 

methods created a comprehensive account of the ways in which sunlight influences 

urban life throughout the year.  

5.2.2 Communicate Fast 

This research is a reminder to slow-down to observe and understand the world 

around us. That said, there is a point in time where a design project needs to shift from 

the observation phase and into design and implementation phases. In these phases, the 

ability to sell becomes important. Designers need to get buy-in for their ideas. As a 

result, the designer must have their elevator pitch ready. In this industry, visuals and 

graphics are sales tools as much as they are communication tools. Designers use them 

to communicate big ideas and processes that they seek to express in a space. As is the 

case in many industries, approval to proceed can be a spur-of-the moment decision. 

Designers who can pitch there ideas quickly are rewarded. 

Visualizations that speed up time, like the stop-motion recordings presented in 

this research, condense information documented over along-period of time into a few 

short seconds. Other forms of animation can help with this too. Condensing time in 

visualizations help designers convey information quickly. If a picture is worth a thousand 

words, animated visualizations are worth a million. 
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5.2.3 Thermal Comfort 

This research has shown that direct sunlight is beneficial in enhancing thermal 

comfort levels outdoors for most of the year in Toronto. People use public space all year 

if it’s comfortable. In fall, winter, and spring, sunlight adds the warmth necessary to 

create those comfortable conditions. Except for parts of June and September and most 

of July and August, sunlight makes Toronto’s public spaces more comfortable. As 

mentioned by both Bosselmann and Brown, however, the influences of sun, wind, 

humidity, and air-temperature can all be manipulated on the micro-scale to create 

comfortable streets and parks for the entire year (1995; 2010). The onus is not entirely 

on the designer, planner, or policy maker either; the ability to manipulate microclimate 

lays also with people on the ground, who can manage their own comfort levels with 

physical activity and suitable clothing. The people documented in this research who 

were using public space in the sun in winter were more likely to be wearing hoods and 

toques, and sporting heavier jackets. People using public space in the fall and spring 

were often outside bare headed, but still sporting a lighter jacket. 

While sunlight is only one of the influences on microclimate and thermal comfort, 

it is an important one. To achieve a pleasant environment with “a maximum number of 

advantages, and a minimum number of disadvantages,” as Jan Gehl writes, every 

advantage matters (2011, p. 171). There is no silver bullet when it comes to thermal 

comfort, but this research shows that access to sunlight is a critical component of 

thermal comfort.  
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5.2.4 A Great Urban Tree Canopy 

In summer, when air temperatures are high and excess sunlight reduces thermal 

comfort in outdoor spaces, a highly evolved and sophisticated design tool can make 

public spaces comfortable again. This design tool is a tree, and not just any tree, but as 

William H. Whyte writes, “big ones” (1980 p.46). His use of the plural invites planners to 

consider how a great urban tree canopy can provide shade for the parts of the year 

when it is needed. Deciduous trees transition during the shoulder seasons of spring and 

fall; when trees bud-out in spring they create increasingly more shade as sunlight 

intensifies. In fall their leaves gradually drop, allowing for more sunlight on ground level. 

In the winter, the bare canopies of deciduous trees let in light and warmth during the 

darkest and coldest months of the year. As a result, people use the public space 

underneath deciduous trees, year-round.  

The question can no longer be if large deciduous trees can or should be 

established in dense urban spaces; the question should be how large trees can be 

established and managed in the urban landscape. There may be challenges of X, Y, 

and Z, but these are not insurmountable. The rewards of an extensive deciduous tree 

canopy sheltering our city far outweigh the costs, and go well beyond microclimate 

manipulation. Trees create habitat, improve air quality, reduce heating and cooling bills, 

and sequester carbon. In addition to helping us achieve comfortable streets and public 

spaces, trees are our armour and artillery in battling the twin crises of climate change 

and biodiversity loss. Trees create comfortable streets so that strangers can interact 

with each other and build community, combatting social isolationism and neotribalism. 
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Planners should note the success of deciduous tree canopies in other cities around the 

world, recognize that they are ideally suited for urban settings, and make haste to 

establish an urban tree canopy in Toronto that can, among other benefits, regulate 

access to sunlight according to need. 
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Figure  5-1 Deciduous Tree Canopies in Challenging Urban Spaces Around the World 

 
Note. Trees in Kyoto, Tokyo, London, and other cities are managed so that they can fit into –

and prosper in – challenging urban environments. The bottom right image shows a tree canopy 
and planting project worked on by Forest and Field Landscape Architecture Inc. Toronto-based 
firms are figuring out how to grow trees in challenging urban spaces too. Source: Author, and 

Forest and Field Landscape Architecture Inc. 
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5.2.5 Great Streets Need Sun All Year 

Trees need sunlight to grow, and if a building shadow – or, more likely, a cluster 

of buildings’ shadows – inhibit a tree’s ability to collect sunlight, the tree will not grow. Of 

course, there are plants adapted to different lighting conditions, but in general the more 

constrained light conditions become, the smaller the plant palette to choose from also 

becomes. Relying on just a handful of tree species to establish an urban forest is a 

disaster in the making; a virus like elm-disease, or a pest like the emerald ash-borer, 

could come in a eradicate an entire tree species in a few seasons. When it comes to 

establishing a great urban forest, tree diversity is paramount. 

Sunlight is needed in public spaces all year long. In Toronto and similar cities, 

sunlight is needed during the eight cooler months to warm the outdoors. In the four 

warmer months, sunlight is needed to grow a robust tree canopy that can cool the 

outdoors, but also work towards solving the defining social and environmental issues of 

our time. Ralph Knowles – who authored the quote about the fundamental importance 

of sun to all life at the top of this thesis – warns: “without access to the sun, our 

perceptions of the world and ourselves are altered. Without the assurance of solar 

access, we face uncertainty and disorientation. We may lose our sense of who and 

where we are” (Knowles, 1981, p.3). The contrast in winter between the liveliness on 

Spadina Avenue and the lack of life on King Street at the same time of day illustrates 

Knowles’ observation: sunlight is needed to make great streets, and great streets create 

a sense of shared identity and community. 
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5.2.6 Sunlight and Housing 

This research invites the City of Toronto to more intensely scrutinize 

development projects that adversely impact sunlight access and public life, particularly 

in the six-month period that is largely overlooked today. Toronto has seen an 

extraordinary building boom in the last 30 years, but the city required only very few of 

the buildings constructed in the last 30 years to supply a sun/shadow analysis that 

would predict their effects on winter sunlight in the surrounding city. Too often, building 

projects are considered in isolation; this study is one of the first to look at the 

aggregated impact of the building boom. The city’s lack of attention to winter sun and 

the aggregate impact of building projects has resulted in the rapid loss of sunlight in 

many neighbourhoods throughout Toronto.  

Housing affordability and accessibility are real concerns that need to be 

considered alongside access to sunlight. A thoughtful policy that balances these 

objectives is urgently needed because Toronto’s development industry is providing new 

housing units at a rapid pace. In 2021, the City of Toronto reported that 409,526 

residential units, and over 10 million m2 of gross floor area for non-residential units, 

were in the development pipeline. The city reported that “if all of these units were 

eventually built, the total number of dwellings in the city would increase by over one 

third” (Toronto City Planning, 2021, p.3). 

In terms of what has already been recently constructed, the City of Toronto 

reported that 78,153 residential dwellings were completed between 2016 and 2020 

(Toronto City Planning, 2021, p.12). This number is 15,368 dwellings greater than the 
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number of people (62,785) by which Toronto’s population grew between the last two 

census years of 2016 and 2021 (Toronto City Planning, 2022, p. 1). Toronto’s growth 

rate slowed between 2016 and 2021 compared to the growth rate between 2016 and 

the previous census in 2011; likely due to pandemic-related behavioural and 

populations shifts and rising housing costs. Nonetheless, it bears repeating, Toronto’s 

housing supply is growing faster than its population.   

In theory, the supply of housing should impact affordability of housing, but other 

mechanisms are at play that keep Toronto’s housing market accessible only to the 

wealthiest segments of the population. A report released by Statistics Canada in 2022 

states that “multiple-property owners own 31% of residential properties in Ontario,” that 

the “majority of multiple property owners [own] two properties,” and that those properties 

are “commonly two single detached houses” (Statistics Canada, 2022, p.1). Statistics 

Canada also reported that the “top 10% of owners own more than the bottom 50% 

combined.” These recent statistics indicate how disparities in wealth influence 

accessibility and affordability in the housing market.  

This research paper is not about housing; it is about the relationship between 

sunlight and public life. Yet, Toronto’s evolving built form impacts sunlight conditions in 

public space, and therefore impacts public life. In anticipation of pushback from housing 

advocates, however, it is worth noting that the volume of units being constructed to the 

rate of population growth indicates that the issues facing the housing market are based 

on accessibility and affordability, not supply alone. This is important because urban 

design policies that restrict the massing of buildings to preserve sunlight access are 
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often seen as obstacles that hinder housing access. While it may be true that these 

policies reduce housing supply, increased supply is not going to address the underlying 

concerns of affordability, which the data suggests is the true barrier to accessibility. 

These broad strokes may glaze over details of a nuanced problem, but they reflect the 

bigger picture. Toronto’s housing supply is growing faster than its population; arguments 

that call for the end of planning guidelines that preserve sunlight and neighbourhood 

character should heed this statistic. The degradation of public space is not a necessary 

evil that must be accepted in the pursuit of housing. Toronto, and every other city on 

Earth, should have both access to housing and access to high-quality public space — 

these goals do not need to conflict. The slowing population growth in Toronto, combined 

with the continued growth in housing supply, provide an opportune moment to ask 

ourselves: do we need to rush to approve so many tall buildings that risk sterilizing our 

city’s public life? Or, do we have time to encourage the development of community to 

provide a built form that enhances our everyday lived experience on the ground in 

Toronto? 

5.2.7 Sunlight and Beauty 

Joan Nassauer writes at length about the value of aesthetics for landscape 

ecology: “we know what we like. In the landscape, we act on what we like. For this 

reason, aesthetics may give landscape ecology a strategic lever for changing landscape 

patterns” (Nassauer, 1997, p. 8). Nassauer also states that “landscapes that evoke the 

sustained attention of people – that compel aesthetic experience – are more likely to be 

ecologically maintained in a world dominated by humans (Nassauer, 1997, p. 81). 
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Nassauer’s insights are usually applied to places like tall grass prairies, and oak 

savannahs, but rarely to and the glass, concrete, and brick landscapes of dense urban 

centres. Yet theories of aesthetics and landscape ecology are at play in downtown 

Toronto too. If Toronto were perceived as beautiful by those who live in and use the 

space, the city’s health and well-being will be valued and cared for. This research has 

demonstrated that direct sunlight enhances beauty by increasing the intensity of colour 

and the ability to perceive forms. The shadows of small buildings, streetlights, trees, and 

other human-scale elements in the urban landscape add to the beauty of the city. These 

shadows are like slow moving silkscreens of the city’s urban form being imprinted onto 

the streets, sidewalk, and walls of the city. Indiscriminate overshadowing by large 

format buildings in Toronto’s public space causes a loss of direct sunlight and erases 

this beauty. The less beautiful Toronto becomes, the less people will be inspired to care 

for it.  

 

5.2.8 Moments of Clustering and Moments of Release 

In a conversation with Michael Ormston-Hollway of The Planning Partnership 

about the findings of this research, he expressed a potential design solution that 

balances the need for growth with the need for sunlight on ground level. Ormston-

Hollway described the potential solution of “moments of clustering and moments of 

release” (M. Ormston-Holloway, personal communication, April 18, 2022). His statement 

conjures strong imagery of what the form of the city ought to be. Urban life is not a 

choice between the skyscrapers or life on the street, it is both. Hugh Ferriss’ Metropolis 
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of Tomorrow again came to mind. Ferriss describes his idealized city that contained 

“very tall buildings and very many of them,” but “no two of them rise in close 

juxtaposition to each other (1929, p.109).” The difference between Ferriss’ description 

and Ormston-Hollway’s description is that Ferriss imagined large individual skyscrapers 

“regularly placed” in a sea of “comparatively low” buildings averaging “six stories,” “no 

higher than the width of the street” (1929, p.109). The imagery Ormston-Holloway’s 

quote describes is one where clusters of tall-buildings exist together, but where there is 

space for comparatively low buildings in between them. These two individuals have 

articulated forms of the city that are defined by a balance of competing needs.  

The form of the city is a central topic of discussion for some of the greatest minds 

in architecture, planning, and increasingly landscape architecture. From Le Corbusier, 

to the crew at Archigram, and from Claudia Pasquero at ecoLogicStudio to George 

Dark’s New Canadian City, the design fields everywhere are reimagining the form of the 

city. Unlike what is often suggested by the visuals created by these visionaries, 

competing visions of the city can coexist together on the ground. What gets built of 

these imagined futures rarely replaces the old vision of the city in its entirety – the most 

exciting cities are messy juxtapositions of competing visions that exist in balance. There 

are times where the scales tip in one direction or another, but over time, balance often 

results. When one vision of the city gains dominance over the others, the soul of a city 

can be lost. Balance is needed between the old and the new; between innovation and 

the tried-and-true.   
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Imbalance describes the current position and trajectory of Toronto. Toronto is on 

a path that will see its human-scale neighbourhoods and main-streets – including 

Chinatown, Queen West, the Gay Village, Leslieville, the Danforth, the Annex and more 

– replaced by a generic built form of high and mid-rise towers that are disconnected 

from the streets they rise from. These buildings – because of their insensitivity to 

sunlight – will overshadow Toronto’s public space and kill off public life. The idea of 

balance between built forms should serve as a guide for Toronto: the city must carve 

out the space for new tower communities to exist adjacent to, but not impeding on, 

human-scale neighbourhoods. Toronto can have sunlight where it matters, and clusters 

of high-rise living, where those clusters makes sense. All the environmental design 

fields, as well as the policy makers in Toronto, must strive to rebalance this city’s urban 

form.  
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6 Conclusion 

Sunlight is central to the human experience. It determines the health and wellbeing 

of ourselves, our communities, and our planet. Sunlight provides us with the ability to 

see and feel – empowering us to appreciate and care for the world around us. This 

research project documented and visualized sunlight in Toronto’s downtown core. The 

on-the-ground human experience of sunlight was documented in a series photograph 

and stop-motion recordings. A top-down approach to understanding sunlight conditions 

in the study area was done through the creation of sunpath diagrams and sunlight 

maps. This research provides for a comprehensive overview of how sunlight, built form, 

and public life are interconnected, and builds on prior studies done on the topic. This 

research also produced a series of recommendations that outline why, where, when, 

and how to protect or intensify public life in favourable sunlight conditions. The 

recommendations were created for the environmental design fields and policy makers to 

plan for and design with sunlight in Toronto. Recommendations may be applied to other 

cities with similar climates and built forms. A summarized list of the recommendations 

produced by this research are provided in Table 6-1. 
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Table 6-1 Summary of Recommendations  

1. Expand and intensify public space in areas that receive ample winter sunlight. An 
approach for how to select sites in favourable sunlight conditions is demonstrated 
in the Results chapter.  

2. Protect winter sunlight access on busy pedestrian-oriented shopping streets. 
Toronto’s midrise plan was created to preserve access to sunlight during the 
months of the year when the sun is highest on the horizon, but a more nuanced 
approach that protects winter sunlight on these streets would allow for thermally 
comfortable conditions during the course of the year.  

3. Use large deciduous trees to regulate sunlight conditions throughout the year. 
Street trees manage sunlight conditions on the ground in lock step with human 
comfort needs. Deciduous trees provide shade when shade is needed, and sun 
when sun is needed. There will be challenges in establishing an extensive urban 
tree canopy, but these challenges are not insurmountable.  

4. Identify opportunities to harness building reflections that enliven and illuminate 
dark urban spaces. Heliostats that track and redirect sunlight, and architectural 
forms designed around a reflection potential, should be considered for use in more 
challenging sites that escape the path of the sun.  

5. Recognize that sunlight is more than just an input critical for thermal comfort. 
Sunlight is the source of vision, and therefore beauty, and it is also the generator 
of a profound social energy that can draw people out of their homes to experience 
public space together, building community.  

6. Act fast. Sunlight conditions in downtown Toronto are changing quickly due to the 
city’s rapidly evolving built form. Once sunlight is allowed to disappear from the 
streets, it may be gone forever. Toronto must protect, expand, and intensify public 
space with favourable sunlight conditions, and prioritize changes to the city’s-built 
form that foster, not sterilize, public life. 
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A discussion that served to evaluate the research approach and tie the research 

back into the bigger picture was also presented. The research approach evaluation 

found that the findings were reliable despite the stated limitations. Others who are 

compelled to study the intersection of sunlight, built form, and public life are encouraged 

to add to the rich history of academics, practitioners, and everyday citizens who have 

discussed this topic. Hugh Ferriss (1929), Jane Jacobs (1961), Christopher Alexander 

(1970), Jan Gehl (2010), William H. Whyte (1980), Peter Bosselmann (1990, 1995), and 

Robert Brown (2010) are just a few of the individuals whose works have contributed 

directly or indirectly to this body of research.  

While this research offered an in-depth account of how sunlight moved through 

the study area and described events that happened where it did – and did not – make 

landfall, this research had limitations. These limitations represent the following 

opportunities for future research: 

1. Continue with the stop-motion exercises to show how people respond to 

sunlight conditions between May and October. At some point in the summer 

people’s behaviour will shift to select for shade as was described by both 

Whyte (1980), and Bosselmann (1990,1995). By some point in September, 

people will likely shift back to preferring sunlight, as they do for most of the 

year in Toronto. 

2. Create sunlight maps with the next iteration of the 3D massing model to 

measure how much sunlight has been lost in Toronto in a single year. The 

City of Toronto, or a firm, should consider creating these sunlight maps every 
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year to track the loss of sunlight in Toronto’s public space. If past massing 

models can be acquired and validated, maybe sunlight maps could be made 

for previous years to track sunlight loss over time too.  

3. Explore the creation of these sunlight maps in other software ecosystems, 

not just Rhino3D/Ladybug, to ensure accuracy.  

4. Use Rhino3D/Ladybug to design with the sun in mind. Solar envelopes could 

be generated for entire districts of the city at one time. Toronto should 

explore using these tools because they would allow for broad-strokes, yet 

nuanced, development rules to be applied to large areas of the city. 

A lot of ground was covered in the ‘Bigger Picture’ portion of the discussion, 

including a deeper dive on the role of trees, and the year-round need for sunlight on 

great streets. This research considered the ability to manipulate time to assist in the 

observation or communication of ideas and discussed the need for a healthy balance of 

built forms. In Toronto today there is an imbalance that is allowing a high-rise city of 

glass to take over the older, more human-scale districts of the city. The need for 

balance between these competing visions of Toronto can be addressed in part by 

adopting the six recommendations presented in this research. This research suggests 

that balancing sunlight preservation with growth targets is both possible, and desirable. 

The quality of the every-day lived experience on the ground in Toronto depends on 

year-round access to sunlight. Summer sun is needed for a healthy tree-canopy, and 

winter sun is needed to make public space comfortable and enjoyable for everyone.  
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